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A network of transmission/reception apparatuses wherein each transmission/reception apparatus 
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A1|19Eb X1|1£JA|0l|0||Ai ££\Q.=? °]E|g M(i nterrupt)*| UEfy H^^M . 

*||20Eb Ai|1AJA|0l|0||Al ^^|B|2] &SA| x]E\M UE^ H^aHE. 

Al|2lEb All 1AJA| Oil Oil AH Ci|0|Ei 5312] ££OHA| £j E| g e a|^^£|M Upyi p^^E. 

A||22E: All 1AJA|0||0|| AH Ci|0|Ei ErH|°J £A]2fe_ °l £| a e a]^*-]^ U^yj M^^^e. 

*l|23Eb X||1£1A|0||0||A1 q| 0| EH HBIIS § m ^Ajshg o|b]2he Aj^^£|e Upyi i^^t§. 

A1|24EL XI|1£!A|0||0||A| ^aj^^o] ^ HEJfcH f^§. 

A1|25Eb Ail 1AJA|0|| Oil AH S, h °J ^£ll£J ^£Jx-|B|e U^tH M^¥a+E. 

A1I26VL £ *||2£JA|0||0||A| £d C||0|E| DT1(j)g UIHIM UEJfcH E g . 

A||27Eb A1|2AJA|0]|0||A1 A1|CHM^ CB1(j)M UEfyi £0. 

A||28Eb Ai|2AJA|0||0l|Al D||0|E| H3I2J D1(j)l HE\\M E^ . 

A1|29Eb A1|2AJA|0||0||AH HaiS AilCHM^ TCB1(j)g L[E[y E^ . 

A1|30Eb A1|2AJA|0||0||A1 ^jfl^ R1(j)S UEffcH £0 - 

A||3lEb Ai|2£JA|0||0l|Al £a|^ S1g U^yj £2- 

A||32Eb A1|2AJA|0||01|A1 ^W^\ A2 Ail CH CB2H LfEftH £0. 

A||33Eb Ai|2AJA|01|01|Al A2 § ^ CHI B| Oj (area) HiE|S U^yi . 

A||34Eb A1|2^A|01|01|A1 £aj ^ <*A1|^ H£||°J F1M UE^yj £0. 

Ai|35Eb Ai|2AJA|0||01|Al £A| HdlS Ai|01M^ TCB2H L^yi ES . 

A1|36Eb Ai|2AJA|0||01|Al £A| ^ <>|A1|a fi=? R2(j)S Upyi ES . 

A||37Eb A1|2^A|01|01|A1 £A| ^ S2H L[E[yi ES . 

*l|38Eb *I|2AJA|0||0||A1 ^x|^^E| ££\QP?-1\ ^^HH ^SEIb *|B|S I |B|Ulb 

Al|39Eb *||2£JA|0j|0||Ai £a| E <*A1|^ fi^ H£||°J F10| ^£l§! ^ ^Elb ^ ii| £ L|l |I||L S V *H 

AIMOV ! A1I2AJAI01I01IA1 E^(token) E£||£J0| ^MUm ^t!E|b *| £| g UEKHb "'. ,c , 3 a|« . 

[|[gOj Ah^| ^ ^ g ] 

M i§8 CHI 0| EH £A|uhg °J ^x|01| ^ 3J0|EK E^(local) ^EA1|AH21 n^0| gCH&0|| CT^A] , 4. h 
7| E^A||A]§M Io| L1| e^|3^ £^ S^A|?|7| ^| oHAi U|E^3(AN) 7|#0| ()| \{\\\ SQ. 

A|7 A !?IO|| f vAia|>1l4 E£b A^3| A1|CH^PI ?|5HA1 LAN|§0| A^^H 

EII0IE1S ^A|0|| S^SflOt Sfe 3?. ^ ^1 LAN LH CHI £^61 (passing)^ e AH^H St^. 0| ^ 

oil Aib. ^Aiioi^oi, oii^^^ ^s^izj-moii ^Ai^e ^mmoi, qiioieh ?^\y> u^m ^ °a 

^^nH^j LANo^Aib, ISO 88024 IEEE 802.4 ff^°| tfl^g LAN^K ISO 9314 ANSIX3T9.5 

t^^^I g(ring)^ LAN 0| A^tH SW- 

^7 1 ^^HH^^^ 0|| Alb, ^?l ^eoieib ^dl^OI bH^^OllAi ^J§°^1 ^ai^ioI 2| l H0 || - 
A^ 3^^Eh 

^, ±^J\ ^A|0l| ^Aj^j ^ ^l^a^Alb SfeEJ- ^. h 7| E EI t d^rS , ^Ajsh l_ c ^ A| 

ZHHOII Oil 0| EH 5 ^ a | a| p- . 3E1H^ 3 2] ^E^, ^^?r ^ h EE°| ^SCH^I ^IZ_^^¥E|, A^0| 

PI 0| £11^11^X1 CH^I^HO^ ^ s|cH Aizte JM^m ^ 2iP. 4 £ai-a]oi| cc^UI ^nHSloi 

PIOIEiM ^d^ h 4^ 2iQ. 3 ^^K ^Ail^ XilCH^h ^boKh 

^ tEb, A^OI e^§ ^j^HO^ ^ ^^H(¥^)°1 SAI2K A^OII 2^1 ^H(A1|H 

^)°l SAIM ^l^o^ 21Q- bH^OI Ai^ Aj ^3 ^7| ^^01 ^^°l bHOll 2^E|01, 

E}e.}A1 , E_^iiHAjuhA| 0 || A |^ s bH^ ; |, mm L1|e°|3 ^2J LAN m M^>M ^ ?IQ ■ 

EI^IHAHhAi ^ ^ (^ei h )d|0|ElM, ^^¥^^011 [L\E\M 4^#2| ^Ai| a f P||a( c | ass ) (g 4 

2, 0)01| ! h ^6Hb ¥^a1£|7|^M ai^i 01 Eh chaII^ M£H^(6)b ^1 32 El ^A1|^ M^H 

a(4), (2), (0)2J ^AiE7^ 0| ^AlCH^ 3J±^Q- CH7|5^ E||0|E1b Tt^ ^ 91 

Q. ^M\± l£H^(6)ej q|0|E|ej ^aj^ menH^ M^E^oil °\t>\\ ^ sa|A|z_H4|o| gjejoj A| 

^011 AjoH^h ^ 01 Q ^ CHI 0 1 EH b bE7^ oiojoj AI^Oll ^Aii ^ $iEh <*AH|a 

e?-H^ (4) , (2), (o)2j ehi 01 eh 5^1 ^e, ^eoi ^ ei b api^ aj ^/n>, M£H^2j =5 §e mzi 

x\0\\ A|7|^2| 7|Z_^0|| AJfHa - oi Ch 

^7 1 meO| El" ^^LH2| A| 1 eH^Oll 2| oH ^A| £ |^ s 3 1 ^01| Lm Er^ ^S| E^OIDPK £p| 

^-^01 ^?HCH^rA| A|^2J 7HA|^Eh ^7| =S EfO|B1b, g S|^§ E^7| 

?imOl ^1 M^OII EH^H SIEH21 7|^0| g^DCH ^^EK ^, ^2|oj s H m ^ -S|A|Z}x|b, ^^0| 
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^oH ^l^^bqi A|Z_^| ss@ch 

MCI- =P*II3°£ = . ^CH^ mSAf A h7 | >,A|5^ 5 ^fl|±|(6)°| A|d|^£|2, CH^Sfe 

dlO|E|^ 

CHI 0| EH M W2.J\ &AHU EEb 2b ^£H^(6)^J CH|0|E|A|- ££!E|IQ me SA|A|ZjO| S^£|X| &ir 

3¥0||b = ^A| meo| tHLH^J q <*AH|^ q ^A1|^ M£H^(4) , (2) 

SEb (0) Oil AH , meO| £P| ^BH^OII CH^ = H me £5| M^L\\0\\ ^?|£|g, Cflf|S^ ^S: me 5| 2 A| 
ZtO| S^ijiWAI . cH^b <*AH|^ IdH^^I CHI 0| eh ^ h £d! 4= £p| =h me £t|A|ZtO| 3^ 

^ * meO| ^?|£|S, £PI meO| ^^£|qBfE, CHe^b 9A||± ^BH^^I PI 0| EH ^ glQ- 

0| £. h A| m°|sj ^1 All ^ ie.H^ EEb ?^tH0)| ^i^q. ch ^ahi*] zjzjoj ch,^ 

^H^H ^ mEOHAH A^*j ^(lUMi)^ ^0| ^^Q. 

mj\ ^3 0 | 2| l^ LH oj ^EH^^OIIA] , £|ia <?dmM 3AH|^ ^BH±S^E| 5|^2j 

¥dmM ^A1|^ ^H^m HH^£ ^^°m 

^AHI^ ^H^H AH H| iO?Hsb, ^7| l_201| CH^ me MX| E^0|0H^K 2| ^BH^OII 2.| Am 
£|b ^ A|^ me ^X| E|-0| DH SI M^H^OII CH*|- =H me £§| E|-0| DH M A^^OI ^ 
Apo^b £PI meoi 1 mm LH Oil AH <*AHI^ ^BH^m HH^Eig, £fA| ^H^Oll CH^ me £11 HOI 
□H LH CHI AIZJ-OI gJA|*| me ^A| qoiDHOll di^Ch 

P§ £P| ^B«±0|| CH^ ^5 me £5|A|Z_K)| BMIMSQ. 

C^, ^A|^! me SA| E|-0| QH LH^J AIZJ-OI S^gttH^^AKSE^ £p| mmO|| Qfl^ ^e SX| EK)|Dpf ^ 
HHH^AI) £AA| ^£H^^¥EH 0 H EHIOI EH ^AJl 4^ £iq. 0| 3^, ^CHd ^H^m¥EH°| ££]0|, £P| 

miw me aiz^-oii g^e ^a. 

^1 ^A|^ me MX| BhOIDH LHCHI A|^0| ^1 ^A|^| me mAI EfOIOPh A|Z_^m£|71U SE 

b ^7| SBH ^CHI CH&- 2^ EH| 0| EH^h £A| ^sam^hXI. ^?| ^^H^0|| EH SHAH CH|0|E|^ t^l ^ 

£PI ejar me sxi Ehoinn^h ai^ ^m£i>iu ee^ ^^i ^bh^oh eh^ ehoieh^^ 

^Ai|^ M^H^^J AH h| JHAIECh s|AH ail^J MBH^^J AH H| g^£|S, ^7| meoi ^ 

ISO 88024(IEEE 802,4) EE^ ISO 9314(ANSI X3T9.5 FDOI) ^0|| ^J^H t?3£ ^0|| Al fe. 

^d^ioi^oi lh^ e^oiohm Ahgmoi me ^nlAI^M 0| A|^M ^S^l 7IEHAI 

Z_U[ HlUmOl £Aim2| e^g(busy) ^EHM ^ofC|. ^7 1 ^M^Ol 0^2? ^S^IS, ^ h 

^dfllOl^oj ^^mOll CC^UH PI 0| EH ^dl^]^0| #^M3 E|- . 

meiM LAN^2J ^AISxl §011 AH 2| £^xHB|0||AHb, ^d CH ^ | E||0|E|7h ^^S^^^ ^d^l ^AH m ^ 

M^m HHSEii. ^AHm ^^m ^xH^Lh 

q§, sj\ ehioieh7[ ^ ahi ^ mw^ow u\?\m ^dem xHHHgtini, £Pi ^dm ^Aii^ xhichoii ^la^oi 
^AHEHm ^i ^d^mm ^^Q. 

^| CHI 0| EH^h ^ EHOIEHb 4^^^ ^AHEHm HH^tl^l, £AH EH m xHBI^QK 

o| 3?, ^^1 ^4^^£l^ s oiieecH ^^ h x|m^EH ^^^i choieh^i ai^u^i v 1 ^^ 

o] ^Sh/w^Sh^ y <>, h pt LK ^Shoj o||p^2 ; CH| 0| EH ^SHgJ M ^^IlI ^d^AHM X1|CHS^E|| 1 

fl^ All 0| ^! V V| Aigg yoj □] A^ilxHdl 2\ EEtl ^d^AH ^A| s gZQ^PI ?|°| ^Al^AH^J ^|^jJ| 

^^aHB.L ^4^^^ CH| 0| &H ^BilgJM ?l^ EH HH oH^^B.| , B^ h 0||AH ^^\°\ H 

XI n ," ^1^71 ?|^ ^ AH 7 1 ^ 3H ^IxHPH ^0| oiqk 

^^e|2f ^xHBIb. ^ h ^l LAN^2j E^ ^|x|01|AH CH| 0| EH Ifl^ ^ AH Oil (L\^\A\, ££\x]?]2.\ ^£\x] 

°Ai^o^ aj oH£| X | pj^p ^=oHo^ ^ek n&iem, zj^m^^ q^°-| ^^s^^^ i^eis, 
?^£§ ehioi eh b chi oi eh ^i^lhoii £dl ^ 21 Eh 

EEE.L ^ui menH£J^oiiAHb, ^^m ^Aii^ ahi ch^h m^ ££u-hch^§oii ^^sh 21a. ^aj^ 
oi A^om, m\^?\J\ oi^i e^^ek 

^^§01 omS. 2|Z|2j ^Alxi|O1^01|AH ££IE|b E^ CHI 0| EH ^S||g]§gO|| AH 1§°J ^^£011 LL}r^A| 

chi o| eh Heilgjeoi ^d^Eh 

QA| ^HAH, 2|Z|oj ^AjxilOl^e. ^Oj^l ^tMfi^oj CH| 0| EH 12^ EfO| °J 0| . A|^^i«| QE ^0\\A\ 

^dfi?^ EH| 01 EH^h 18of EhOIS^ CH^gm CH^7|-e ei^imxi Pi^l. ^| ^LH2j 
Oil CC^ AH CH| 0| EH S ^^Ch 

HBHHm, 2^i ai^^joiiah ^izj^ms g^b chioieh^e, ah e§ q-^ chi oi eh oi^oii ^ 
2LQ. 

^ ^se ^ h 7i ^ibjo^oi si 5ioi ch □ ^oi chi o i eh chi eh^ ^ mmonAH^i ^ 

4d fi^MOll EHoHAH aHSIM °ajxho^ aj|h^^ s ^^l A|^ E ^0|| SaH QE CHI 0| EH CHI H| 

AH AK^j E||0| EH H ?AJ^j^ ^Al^ - oi b> EHIOI EH ^AjHhg □! A^| M A H|^bCHI °iq _ 

MJ\ &^op| ?|oH AH, ^ ^gOllAlb. fi^r 1 ^ ^£ EHI0IEH1, S fife^H ^go^| xHd|^ 

m^ ^?i^^ is^iek q^e, ^ai ^?ioii [ci^ah e^^oi wHi^ia. oi mm^ ^?nm ^ 

S^eoil EH^HAH, AH d| A ^ ^fy^iEK 

fi^^l ^?IM SSOTOIL ^d CH|0| EH laOT ^dEim^ ^S£lb ^?IM ^SI^HO^ ^C|. 
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oi ^ S CHI °lo\m. chi o| icHAizj- CHI o| e.h i stromal ^l^e 0|gSK>| *p| 

^ is? ^ an on ^\^m 4= &m etBI omsh Algernons ^ gt* ^ °iq. 

^, ^0\E ^;0\\M^ ££\£_=?9\ ZJ^Eb, QE ^0||AH2| £d2?2| ZJ^ESI H| Hi 4= QM. 
£PI ^2] o^J ZJ^EJI- UDiXI ^01|A]21 ££ifl^2j Z]^££q q ^MDLH, ^0\B ^2] 

£d£?0|| CH^HAl G||0| eh £&&Q. 

HE, £ ^ h S° Li|Eo, 3e| |^ o^^i^ ^ A |o|| ^ A |^ 4= £iq. 

^ ^g2| J I °J 0|^§°= ^§0||A1 A|£| LH , 5^|2| ^g°^^Ej , 5^ ¥ ^ h S^J £JA|0]| 

o|^oi g 0 -^Hi] ^0|Ch M uhgoj = 3 oj 0IS18 S^PS^ICHI =39 ^011 2|5K)1 ^ 

¥ m^°\ m^\m tse m °m ^aioii^mh ^s^ek 

£ ^ AIOHM^J ggSOII. JW^M A]|1~6EM §, h £6f0| gg&Ct. 

XiH^b A|^2] :>H^2J =Z£M UE^LHCK ^aI^eh As^ 4=£l^ ArO| §§ H^A]|AH A0|| 3 ^ 01 
I 1 . 01^ As, 4^A|^^j Ar^ A1|CH¥ AmM S^O] . ^d^Oll d^SH ftCf. 0|2| 

f^oPIL H^A1|± B0||b, Bs 4,A|^£H BrO| 3 0| ^ ^ Bs, 4=d^ 

Bre ££]A]|01^ BmM S^AI . £d^01| °IQ. 

A]|2E0|| £A|^l UhSJ- ^0|, Hf* H^A]|^ ACHI 2JO]AH, A|Z| TOCHI gg H^A]|^ BCHI q|0|E|g £ 

d& £^ ^ hA J£ A|4 TO^ SAH AR^ SW|£^E| OlftAlZf Tds 0^ 239^- £PI 5^ 

^Al^^ AsO]| £AJE|01. 0| □ I g^H 21^ £d^OII ^6H£!Q. 0| 3^2] m\\ A|2|0| T10|BKQ ^0 . TO 
£1 T12| ^OI^^E] Oj^AlZj- Tds 10| ^3&Q. AsOllAHb, Ol^A|^0| ^iMfi^J^ 01 ^A| 

zj-01 e zj ^^^h 51°^ £_^moi, ^£\nm oi^aizioi ^ai^ hh^o^ °iq. 

^^JS^^OI 5, 1, 8, 10, 12 °J 132| O1^A|Z|01| 9]^ £<?\ ^ £|0j ^^M^S 5^ 2ib 51^^ 

0| 62] OI^AIZIM ^^Q^^^ ^^Zi^ As^ ^| fV\ 5, 6 S 1, 8, 102] 0] 

^0|, ££lx]?MM^, 4=d fi^^OI 4=^i£lb ^dT1 , ^^ UHltlAI P>^, ^doHO^ m 

Q|| 0| El 2] ^?|^ ^132^1, Q]| 0| Er] BjXi 4^3P- 

^e°1 1^^1011 ^fi^ A|^e 2dU 5^. m^0| 1^|^0]|, 01 ^AlZJ-eol 3, 4, 5, 6, 8 ^ 10°^ ^ 

£J\ ^^0| ^| g§ 1sl ^m<5\^i ^CHd ^0]| 2J5H AH 4^d £l S , £PI ^2] ^A|fi^7^ ^^2] 

tdfl?§jl[ UlUgq. X1|4£0]| £A|£! El|-Sf- ^0|, N1, N2, N3 gJ N42] ^d^§0| ^5 LUI LH Oil 

7|^£H . 0| 3^, ^7 1 t£ ni N2, N3 °J N42J 2|^2J A| ZJ^E^h ^CH^j ^ 

2] 7HA| ^A|fi^2] dlin^Eh ^, 2|2t2j OI^AIZt 4. 10. 6 70| Oj^A|Z_^ 33f H|B^EK 

0| 3^, 4^0]£l ^2| ^A|^^7h S| ^2 ZJ^^S ^^1 ?12E^, ^^1 ^CH^I ^2] G||0|&| ^£||S0| ^a] 

Mj\ ^0\B ^2| ^d 2=^21 ZJ^£^^ El yog , 0]^A|Z^O| El g ; 4^^ ^^01 ^^^H 

^ U||^i,| .) 0| £^01 EH^^! ^ELH0]|A1 ^2] ^Alfi^o] ^^J\ 0\^J\ n[g£jQ|_ Ah 7 | 

ZJ^^M LH^^^ ^2] E|| 0| EH ^dl^JOl ^^^Eh 

^CH^I ^8. H2J ^dfi¥2j qniA| ^12] ^ ^dfi¥2j ei ^ofi] ccH^^I 

6fA| P>bQ. 0| ^^01 5| 25-10, ^^1 ^0]^l 32J ^dS^2J ZJ^£7^ ^1^2^ 1HH 

7?hX| QH^I^EK ^CHd ^2] ^AJS^2J ZJ^E^K UD1X| ^^2] 2j2|2j ^J 2? oj q, 

X\ ^, ^CHd ^2] ^Alfl^OII CHe^^b t||0|E1 H£|| S0| ^d^lEh 

^U|^ ^0|, ^*|B|0|| AH b ^0\E ^21 ^AJS=P2J ZJ ^^^h 3^11 A\±™Q\\M \\ 0\^-J\ 

EQ. 

2*11 AI^^JOIIAH ZJ^E^^ 52^ E^EIS , ^0]^l ^2] E||0|EH^h ^d&'E|. 

4-dx1d|0||A]b. ^dxldl^ =gJoh =^0| ^ly^lEK 

El ^|^2^, ^dx1£|^ ^ ^0| ^fH^IEh EH ^Ro^ b= xi | 5E0 ,| UH^^I 
7^^Eh 2| ±X\^ ZJ^EOII CH^mb Oj^AI^M HAI^EK 0| S^, 0]^A|^ 2S £! PI 

01 eh^h 4=Ai£i0 5 m\ xmm^Q. 01 ^ai z_h 2m zj^m 2io H ^ 5 

^1 ^d^2j JHAI ?|x|Ol|AH um^\0\ SiA] AHHI^EK E^ , Mj\ Q||0|E]7^ H^AIIAI 
°^ E[ . 

££\X]Z\2\ <RAm 4^x1B|A|2] CHI 0| El 4^d£lb 4=?l^ x1£|£|X| ZJ^^2] f^?-|^ 

A1£|^EK 

^^1 ^SOIIAH, 01^A|Z.^O| CH| 0| EH £<M£?|0|| QEm^&i, US ZJ ^ E|| 0| EH 3» h 7^ 51 AH 

4-d^iEK nenu, ^ ig^ 01 chi ^gtiAi pibP. oiieeo], ^7| C1I0I El ^A|^?lb, ^71 Ig 5^ 

A||^ B0|| Ul\0\E]J\ ^1 EfOISCQ? EhO|°J)0|| EH ^JB^I CH^l h ^ 2IEK 

^ m^°\ ^Hy e AH6a^^ 6b^2j i£?xi§i ^^moi SPIOII ^S^EK 

H^A1|^ A7h H^AII^: BCHI EHoHAH 0] ^A| Z.KQI H^PJ : deadline) TdsQM ^dS^P 

H a oo|0 , ^^1 ^d^^l As^L 0] ^A|^ TdsOOII 21^0] ^d^S AHHH 21 o^, S| 3 ZJ^ES ^ 
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b ^dfi^ £<y*iai§ buh oi xwum x-iaib. sap^isi mz}^\^^e]9\ dn^ 1 

£PI Asb, AH^£ Ol^AIZI Tdslg All^PI 0|ftA|ZI TdsO^EH £d ^ £| § 

0| £P| A|^gj2J £*|| ^dS 1 ?^" £°l^ OmA|^ Tdsl Oil «J5K>1 AMi^Ef. 0| AHHH1 

Li|Eo| 3 ^ §M^A] A|A|44 4 ^f§o| £A]fi=pf§|| IQBj5K)| ^JfH^IEK 0| l\\W\\m 

m\o\\ °\mo\ , *\n\ ai^u^j ^oiiah, mw ai^oiiah zj^^i 4^ ^dfi^oii ^d^oi 

0| 3^, 01^A|^ Tds2b, £PI AHHHii x|B|S UW\ ?l ^ A|Z_^ ^do^CHI Ifi^ A|4M 

01HAIZ.I Tdslo^^Ei 4^0^ z^^xi A|^0|Ch £P| OIHAIZ! Tds2b A|A|44 E&CK 

Q§, ZlIZI^S 4b Q|0|E1S S^El" ^dl^^l £d0|, Ef°JB-^ nH^(Timed-Token Pass)^ £d^ 
4A1|^ Ail OK MAC) Oil °|oH AlZtLHCHI ^A|gCK ^1141^ X|g£! t^Oll 44 £d£!4. 

om ^aioil ^oid ai^^j, ^, &m hie°| 3 o| 2!d^4 ^31401 

4 ^oii i. 

£d^ A1ICH ^ BmCHI £d^> q|0|Elb ^d f?0|| f^EIIQ. ZJ^£^ = ^d ^ RrO||AH°] 4=d AHe. | 

Oil AI4M H^mO\ CHf^AIZJ- Tds30|| ^J^hOI Ig^lEh 

£PI ^df^ £PI 4^011 2|moi AH ZJ^SES Sfe aioiB^h sjAi 

Ol^AlZt Tds3^ s Ol^AlZt Tds2^E| £dA|4e £CHd A|Z}0|Ch 

oAi^jo^ ^d4B| £|b til 0| El ^ 5 fig ^^A1|^ BCHI ^^£|CH , 4=d/HA|£|E|-. 

£PI°_h HhSU- 44 , ^ i, h gOl| ^^a| x] d| £| ^ CHI 0| EH ^ , 4|§2J Ol^A|40l| 2J^K>1 

S§£|^ s 2 a1| A\^0\\M HZJ^£M 4b 4°^ 1§E CHI 0| Bi ^J^o? £d^Eh neHH^, £f 
7| A|Z^0| AIM! ^ SO. ^ZJ^EM 4b P|0|EHM ¥d3^ £dt h ^ 

£ ^S2J XH|1^A|0I|CH| 4^ EH| o| BH £d^S 4 H¥ £01 ^^moi ^S^EK ^ A|0||CH| AH , 

4 ^lMSx|0||Ai PIOIEioj £^A| x1E|^| ZJ^^b, E||0|EH^h 1 fi^ fi=PAP|^¥&l ^ CH 01^ 
A|Z.^h P|0|E| £^d^ P|0|Ei ^^m^PI 12^ OII^AIZI ^ ^AH API 0|| °j^^01 IS^EK ^ 

zi , ; i- i 1 ; chi oi eh ^j^o^ ^^ai ^ e.| a q . 

^ ^S0| ^e^l^ ££J A|^U o^AH , H Li|Eoj3 ^£01 XHe^EK Oldish -^^OIIAI AH|7£0|| £A|=I 
UM4 A h 0| , ^d^P ^dSA|^0| AH ^ S^tH 3eHLh AH|7£0|| £A|^I 0|?.|o| E^ 

r in 1 vn-i ^^e, ^, m j}\ mm ^sm n\^m ni^m , ^ j\ v stn^ 

^d^xIM i muh bk 

X1|8£01| £A|^ U|2[ ^OL 2|^2J ^d^xlb, ^d^0|| ^^d^l^(XCVR)(10)M =FU|sh^l 
2! Eh 

^eHH^j ^a|aHIO]^x|(CKT1)(12)7^ S^IIH^^^ ^^l^ XilOiS ^t^P- 

UjllH RAM fH|ed|(BRAM)(14)7^ HcHlgJ d|0|EiS 7|^^U 2i^. 

Ap| ^^aj M \o\ RAM g§ Di|HB|(CM1)(1B)^h ^4=d All 01^ *|B|^ ^d ^ ^AH|^ AHIOjOll ^0] 
CHIOIEHS 91Q- 

^^^(host) &IEHni|0|^^:|^(HIF)(18)b= 30|| S^^i ^^^^x|^^EH°| ^fi?§§ oiEHHIOI^ 

^Q. 2] ^d^A|0||AH E^0|DH^(CLK^ CLK1) (20, 22) 0| A| Z_^§ - *\\0\ 0^013^^ 

^Ai|AH(MPU)(24)7h ^4d aH£|2K ^| ^^HH^J ^d AHI 01^>x| (12) £| ^^d AH| CH M ^^^Q ■ ROM 
1| D1|2E|(MR0M)(26)b, JllOi 0h0|3^ ^^Ai|AH(24)2J ^|E| ^^Hiye JI^IO S1EK MPU RAM D||£E| 
(MRAM)(28p| aH£|01| g fl^ d|0|E|l 21 Ef. E^0|DH ^xl £||A| ^Ej (RTRT1) (30)7h 

^7 1 £^ ^dA|01| =H £^ ^\ E-\0\ ^ t^xIM yA|s|i ^#A|Z_IEh 

^^7|5 SIGO^ H£l|g] 3£f 4d£^ ^EH^BdS ; SIG1^ £drf ^d ^AldS ; SIG2^ 5 CH|0| 

EH ^dg.^ oie^eaj^ ; SIG3b ^2? eJEH^EAj^ ; S I G4b ^ oieH^eaj 

5 ; SIG5^ CHIOIEH ^d£^ ojEHg Md5 ; SIG6^ LH|0|E| H£l|g] ^d^HA| £lE|^Md^M 44 
UEftHEh 

^| AH| 01 D^0|^^ H^A1|AH(24)4 ^4d ¥d^d|l ?| oH AH ^, £p| ^^aj XH| CM RAM D]|S 

B|(16). ^^d tH EH RAM Di|a£|(14) MPU RAM Di|E£| (28) BH CHI All Qj g CH|0|EH E||0|M SE^ 

^8 SPI2I- ^ h 0| ^TII^EK 

4 ^d^Oll LH^ CHIOIEH ^dfi¥^, All 9 £0|| £A|£, ^d^ CHIOIEH DT1(j)5h Ai|Oj^^ CB1(j)0l| 2J 

^P| CHIOIEH DT 1 ( j ) Jlh AHICH CB1(j)^. ^^d EtjUH RAM Di|He| (14) LH0|| J\<*i\\ °IC\ . £J\ AH| CH M^ 
CB1(j)e, ^l PIOIEH DAT1(j)0l| CH^o^ ^dAH|O]0|| 12^ SS, ^, "^^^l ^X\9\ X]\0\^M ^ 

£J\ M\0\^ CB1(j)0||AHb= £ ^S°H All 01 ^4 M ^^mbCHI 12^ IflOll CC^Al , AII0194 

CNTUj)^ ^^§4 T I Ml C J ) CHI ^^q-. 10|#<i| 2iH=! ^d EH HH S ( 1 4) CHI ^d CH|o|E| 

DT1(j)0| ?|9!gp. 

AHIOIM^ CB1(j)^. E^ ^oj H^AHAHOll ^| EH|0|E] 0T1 Hfi^ a ^ A |^| T0(j)£K ^d 
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m\0\\ °|BH ^S^" ^d^Oll m\\ qqtlb 0\#A\J}K\ Tds(j)S M^r^ 2LQ- 
G|| 0| E| HB||oi D1(j)2| UE^CK 

QJ\ G||0|El D1(j)b. £4=d tf]Ei RAM D||SS|(14)L|10|| ?|°j£H 2iQ. £j\ X]\0]M^ CB1 ( j) Jih £d 

Q\0\E] DTI (j) Oil qoH q|0|E| H£||gJ D1(j)2j ^ ^^o| E^E|X|b H fi? 

ar to(j)i ssmni 2iQ. 

*l|12Eb. &?l Q|0|Ei HEIIS D1(j)LH0|| HdlgJ AHiq^E, = *U|£r £d S *1A|^q 5||q 

(header) ^2}, £p| £^£H °Afe ?|x| t L|- Ef- l_H ^ £d 531 °] Al|q^ TCB1(j)g L|-E|-yj Cj-. 

?^^9\ qioiEi Hens Di(jp r £d£lb 3? ^q mo|Ei Di(j)oii qiemb £d Hdis M\o\m 

m< TCB1(jph £d M^lgJ n\0\m^ TCB1 (j ) CHI £d Al|°](chain) Aiiq Oil £| Oil Xl^^o^Mi , M 

^ xliq^q. QE, £PI £d ^dlS AHiqM^ TCB1 (j) Al|oiq, ^q ^enH^J ££]*l|0iSx|(12)2| £d 

f^oii P§. chioi eh ^ais^ DKj)^ ^d^oii sm&Q. #?\ £d ^ais M\o\mm 

TCB1(j)0|. £4=d Aiiq RAM CHI S S| (IB) LH CHI ?\™&Q. 

m\ CH| 0| EH M£||g]^ D1 ( j ) CHI CHe^b ^1 £d ^eim XilCHM^r TCB1(j)£ ^|CHM^^ CB1(j)LH0|| 2 
^H 243. ZJ^tM HA|o^ q i§ OjftAI^ Tds(j)2] UH^tlOi , £d^ S1§ §^o^ °IQ. 

X1|13ib £PI £df? S12| UEhtHQ. 0| £df^b £4^d U\m RAM D|| HB| ( 1 4) LH CHI 7|^H 2LQ . 

AH|14£b, ^EEH^J ^dA1|CH^A| (12)0|| 2JoHAj A r g£|b AH| q q q ^£ M UE^q. £P| £dff 

AHiqqb, £^d XH| CM RAM Dlieq(1B)LH0|| qqtH 2iq. 

AII15VL 4 £dS h A|q £d ^d| A|ZJ Tx, 2&A|^ Txf. ^d *|£|A|ZJ Tr2j 5|CHx|. £|^x|l 

3 aim q*]^ moi q^M(iist)^ £^d ah q A| biioim^J qqtHq. oi qioi Me mpu ram 

oil 5 q (28) LH Oil qq£H 2iq. 

All Hi v ^ , ^enH^J ^dAl|0i ?.| ^(12)0|| qoH £d^M ^oHAH ^d qui ram m|SB| (14) moil 

AH|^E| ehi o| eh ^ai^^J ?-l A| n qqLHb 4=d ^Bll^ AllOiM^ RCBiq qqtnq. ^d 

AiiqM^ RCBie, ^l qm RAM mieq (14) lhchi J\™±W 21Q. 

^^9] C||0|q HBllgJ D10| ^d£lb 3? EHIOI EH ^aigi D1 CHI ^ Ail^M^^ RCB1LH0II 

^d ah|oi oiiqqMoi aish o^h ^d AiiqM^M RCBie aO^lk l}§ ^ai ahi q 
rcbi ahi°ioi, ^enH^J ^dAHiq^x|(i2)q ^d^oii §3@c[. ^d^oii ^d ahi q 

1 RCBiq AHieJOll £iq AH EHI 0| EH na|oj gAh ^A|e^ ^q^ ea| S S IG2M t ^i^ D^|3^ H^AH|AH 

(24)oii q^ ^d oiei^e ^ xnqoii q oH ah , q^Ai^oii q^ ^d^q P§oi iy^q^, ^ ^Bim 
71 ^d^ Rioii q-)^ii I. 

AHH7£b 4^d^ Riq qqtHq. AHH8£b ^d^ AHiqqq qqyjq. mj\ ^d^ Rie ^ 

4=d qnn ram mi2E|(i4)LH0i| ^|qtn 2iq. 

Ah^| 4,aj^ AHiqqq, £^d Aiiq ram mise.Ki6) lhchi qq^H 21Q. 
d^l Pi oi q eh oi ^ji^, shoj ^aiq^oii^ q^qxi^ 

^-dA| ^d£ ^B|fe. EHIOI EH CHOlMee Af£H°5^H ^S3E[. 

^ ^gq ehi oi eh ^d^A-iq ^^ h e m^^^^M ^ h £mq ^S^q. 
01 ^d£ SI Bib M\0\ U\0\^^ AH (24)011 q^H ^l^iq. 

AH|i9ib q E| «- AHqq i^?^E§ qqyjq. ^d^^ioii ^^<B tiUPI, cHiqq naigj 

M ^Jfi?(j)i ^Sr0, Ai|9Eq ^d EHI 0| EH DT1 (j ) H\ Ai|10EO|| £A|^I AHiqM^ CB1(j)0|, 

qqEi|0|^s|^(i8)M e^q £4=d qm RAM mieq (14) lhchi q^q. 
EE EL ^fi? qqged^ SIG3;q AHI q D^0|3^ ^^ahi ah (24) on ^^n. 

E^l 11011 AH b. ^dfi^ qq^EAi^ SIG3M ^d^ Aiiq u\o\3.^ ^M\a\(24)j[, qoiq(22)^^q 
^ ah Ai7ie ^m\^i, n^m M\o\mm cBi(j)q s^ai^ s^sqLHoiL s=p ^^api tkjjo^ai j\ 
q a| d q . 

&q| 1201IAH, ^U| AHI q 0^013^ ^^A1|AH(24)^h ^| AHiqM^ CB1 (j) ^d LHIOIEH DT1(j)o^^EH ; 

£d ^cHiq ahi q TCBHj)i s^^q. 

qq| 1301|AHb s AH| q 0K)|3^ H^AHIAH (24)7h ^| AH|q CB1 ( j ) LHCHI ^q A| ^d^ h A|S 

^q. ^^| AHI CH 0^13^ ^^Ai|AH(24)b, AI^IM q^^^AH A^^q , AH1 15 £0|| EA|^I ^4=d 

m\ Aid EiioiM^^q =qx| ^d^^iq ^d ^q Aidq q^A| Tr(k)minq, £p| =qx| ^d^qoii 

^doPI qoH ^d A|^q S|EHx| Txf(k)maxM ^#o^, E|| 0| EH q tt^| Ti(k)g . 

1401|AH^ S Aiiq B^OI^^ H^A1|A^(24)7^ £J\ AliqM^ CB1(j)LH0l| J\2l^ fl^PAPI T0(j)S ^#5^ 

^i, oi i^m^ PI oi ei si- t^qi Ti(k)^q ^qp =Fs r 3. oi>ie AHiq CBi(j)q q^Ai^ gqLHoii j\ 
qAidq. 

Bqi i5oiiAHb, Aiiq n r 0|3^ ^^AiiAH(24)^h A||13£0|| £A|£| ^d ^ si chi qqq ^de^r °l 

□I ly^s^^^ q^e -g^^q. e^i isoiunq e^oi noois 0151^ xiqq^ d ^dfi^^^ ^d^ si 
gq ^fl?! ^q M qaiE^q. 

nqe^, M£¥^^ baii 24 ^ dtmq, ^d H^iiq Aiiq CBi(j)s, ^d^ sicnq ^d H 
Aiiq^^oi qt^ ga^°^i , £d*Hq H^aiye ^HAi^q. 
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EOII 150||Ai°| £^0| YESOI0, £d HS1IS A1|CHM^0| £d SI LH CHI 0|D| , AH^ £ 

d Hell S AlloiM^M MU^ £?l^ t, h £Jl h 4^ £jq. 

12 3 H^. g^^f EPII 16°^ £!SS*q. EMI 16CHI AH ^ 5 £p| A1|CH 0f0|3^ H^AHIAH (24)7h ^rdrf 
S 1 CHI o^A| g33 #d ^g||oi AilQiM^r TCB1M £*h^ §3t_H}. 

q =P*II3°^. XH| CH u\o\3.^ ^M\Ai(2A)J\ 4 £d HeilS XHICH TCB1(j)2| fi^A|7| T0(j)l = 
m^Q. EE El - £J7| All 01 0f0|3^ H^A1|A|(24)7h =*jA| £d£ h A|l ^Smu. 3AI&M Afg^OI , £ 
^d ^ISIAIZ]- E||0|M^¥Bi ^d x1d|A|^2j S|4ix| Trmin^ SlCHAl TxfmaxM ^S^q. £J\ X]\0\ U\0\ 
3^ H^AH|A1(24)7L C||0|E|2| Til 3^31, fl?A|7| To(j)£|- Ahj| ^| Tiz _ h o| ^o|M <d 

#^01, OI^AIZl Tds(i)S =F^Cf. 

EJ-^ll 170l|A1b, Xi| CM Df0|3^ 33 ^AH| AH (24) 7 1- £^£](j)0|| 0| □ | SCHd Ol^AIZj- Tds(j)^ |53 

^a?(j)oj ojo A |^ Tds(i)s uumoi, oi^Aiei- Tds(j)^h q se^K^i^^^^ q ^e^n oi¥ 

170||A|5J £^0| YES0I3, ^HB|^|- B7|| IBS B^Q- E^l 180||A|b. CM 0^0|3S ^A1|Ai(24) 
7f #7| S1°^E| £Al HSl|°j A1|CHM^ TCB1(i)e ^|cT33, 0| ^d MS1IS AHICH TCB1(i) 

d2| ?l ai oil #7| £ai nanoi xiioim^ tcbi *HI£]^q. 

&7II 220l|A|b. A1I01 U\0\^ 33 ^All AH (24) 7 f £df? S1S| 7HA|?|*|01| £d H fill 2! AHICHM^ TCB1(j)0| 

^Ixl^H 213 A v\^m SAh^q. 

0| B7|| 2221 n*gO| YESOIS, AH&|7f B7|| 23£^ dl^OI, £d H&1IS A||CHM^ TCB1CHI CH^b £d 
^£11 oiqgE^. £A| H g|oi xiioim^ TCBI ( j) CHI CHgSfe ^x1£|^ ^?|x|^q. 

&3II 222| 53 0| NOO|0, A1|01 omi^S H^A1|AH(24)7f m\\ ^l!JEIb £<M*|B|S Jl^tKl. 

EWI 1 TCHI AH a £p| Oj^AlZ! Tds(j)7f q ZJ 51°^ E^EIS. Al^m E.^1 20°^ SSmni. £df^ S12J 

B¥?|a|01| £d hbj|oi A1|CHM^I TCBI (i) 0| HH^ItH 21 01¥M 3A^QK E^l 200||A1 0| YESO| 

3, ^dp^ E^l 21^ 5!^©K)|. HeilS AilCHM^ TCB1(j)e H£l|°j A1|01M^ TCB1(i)^|0l| 
<>^ ^d^ SI CHI 139 £d ^£il^ Ail 01 1M e^^AI^JLh 

9?ll 200||A|e| njgoi N00I2. ^^P^ 9?ll d^^Q- E^l 190||A|^. A1|0] D^0|3^ 

HSA||A|(24)7K ^d Hai°j XIIOIM^ TCB1(i)2J *H°! X1|CH§^g Ahg^OI ^|£jg ^d H3ia 
XHCHM^ TCBKi+1)^ ojo A |^ e ^s^q. 

I le aK'I^I LMI 16°^ ^7l^q. 

E^l 160||A|b= ^ h ^l Ail CH B^OI^S HSA1|A1C24)7^ ^7| oj^^ y ^, a| P.| ; : A ! ^dH . 

^,P| ^dfi¥(j)0l| OI^AIZI Tds(j)^^ ^dfi^(i)^ 01 d Tds(i)2| 31°^ d 

§ E| 0 , ^7| HIGH 0^0|3S HSA1|A1(24)7^ ^d ^ S1 M AHHH«^°^Mi , 3^1 3^A|^ SSS^LH^j q 
0|^ fi? t^A|7| T1M yximh AllCHM^ CB1M ^d ^ai^J Ail 01 CHI mm 01 £dA| [I| 7| ^d 

^dA|?.| ^ ^SA|5| *|B|S Al|20£S ^[^mOI ^S^q. 0| x1£|b SE^ Ail CH 0^013^ ^M\M (24)011 

simoi ^^:-iLh oi Ai£|oiiAib, ^^ixH£|7h ^£iei, ^d Hens aiioim^ tcb(i)^ qioi 
q neii^ xiichm^oi ^d£is ^d^ si o^^q s ^d Hens aiichm^ tcbi(j)7^ xn>i^q. ^, ^d 

^ S12| ^HA| £d HaiS AHlCHM^e HAI^^ TCB1 S2!EM0|. a1|o|^ ^d All CH 

TCB1(k)M HAI^b TCB1 S&jE|21os Sd^q. 

qe. TCBKk)7[ ^^21 7i^! zj^ qioiqs ^^\^j\m m°im sia. on ?i^oi. 

TCB1(k)01| Cflah ^AH Oj^AI^OI £d ^ S1g2| q^ HfillS *HO1M^e0|| CH^ 0|^A|y^ H|H^ICh 

B71I 3l0l|Alb, AHICH 01013^ H^A1|A1(24)7K ^ AH Oj^AlZt Tds(n)M =P^7| 91^01. ^dAi|Ol^^|(1 
2)2] ^d^OII g33 ^d 3Sl|g] AUCHM^ TCB1(n)o^¥q i S^A|7| TO(n) . CHe^b diMI^ Txf(n) 
^d A| d Tr(n)l ^#^q. 

B71I 3201^^. A|| CH 0^0|3^ H^A1|Ai(24)7^ OI^AIZl Tds(n)2K ^d HCIIS A||CHM^ TCBI (j)S| 0|ft 
A| ZJ" Tds(j)M Uinmoi. Ol^A|Ah Tds(j)0| q g, h ^7KZJ^£7^ q ^J\) 01 ¥1 SA^^q. ^711 322J 
^S0| YES0I3, ^£|7^ B71I 33°^ dl^^^CH, ^d^^^q ^d Heilg] A1|CHM^ TCB1(n)M "£|5^, 
^d HeilS AIICHM^ TCB1(j)M, ^d HdlS AIICHM^ TCB1 (n)^0|| A1|oj^q. ^d ^ ^d SAIId^ 
SIG10I ^^£133, ^d HeilS A1|0iM^ TCB1 (n) Ai^O|| All 0] 3 ^d HSIIS A1|CHM^ TCBI 0|| CH^ ^d^ 
^HAI(TSTATUS) G||0| EH ^d^OIS, ^d HS1IS A1|01M^ TCB1(j)7^ ^d H?1IS Ai|CHM^ TCB1(n)0|| 

Alld^ioi, £df?^ AHtJH^^e 3^^oH0^ ^q. 

E[§ *|Ep|- B71I 37S df^^q. 

97|| 37CHIA1 ^ . ^7| All CH 0^0|3^ HSAII A| (24)7h ^d^ S1°^¥E1 £d H^IS A1|CHM^ TCB1(j)e 
£df?2J 7HA|?| x\m HA|^^ TCB1 ±2}EUim ?sd^q. 

97II S38CHI AH ^ a AUCH Dl0|3^ H^AII M (24)J\ A-JdlM. ^dA-jd|2j S| ^ ^711^ ^7|A|dq. 

B71I 32CHI AT a 01 H Aid Tds(j ) Ah q d 31°^ £| 3 , AH £| A h B71| 34^ dl^q. B31| 34CHI AH ^ a AH| 
01 OhO|3S HSA1|A1(24)7L ^d HB1IS All 01 TCB1(n)2J AH|CH§^S M^\0\ , aHI°]3 ^ 

d neiis All oi TCBKn+De m^q. 

q§ x]E\J\ B71I 35^ ^io[2, 0| B7||0||A1b ^7| 731 CH 0^0|3^ HSA1I AH (24)7h ^d H&IIS A1I01M 
m TCB1 (n+1) 0| ^d HeilS2l i,W|AlOl| ?| x\o\\ 0\^m £M°}Q. 
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B^l 35°J &§0| YESO|0, xMJ\ 36°^ dl^rd, £d H£||£] A1|CH TCB1(j)£ £d 

vtll CH TCB1(n + 1)0|| a1|°IA|?IEK ^f! ^d cHAHId^ SI G1 0| g^EIIQ. £d ±±£il°J Ail CH TCB1 

(n)0l| Lm £d£.^HA|(TSTATUS) d|0|Ep|- £d§0|3, £p| £d All CH TCB1(j)2| £dO|. 
^dAp|Jnx| X|2=!CK 

EMI 360| A|2£I2. AHdp r 97|| 37^ £!9«H1. 

B?|| 37CH|A1^ = £P| AH| CM OfO|3^ ^^A1| A] (24) 7|- £P| Aj£|M M^Q. 

35CHI AI^J £E^0| NOOIS, Ajdpr 31^ ^?imi[l, AHI CH o r O|3^ ^AllAH (24) 7K £PI 

moii ejsi- xmm m^Q. 

P| 0| EH HB||°] ^d^HAI ojEi^EAi^ ^|B|S A||21^S ^^^01 ©PI0|| 0| £^ 

hh^j ^^jaiichs^i (i2)^h mee ^ou, £pi ^d^oii nai°] aiichm^ tcbi cj) chi eh^ 

b dlOIEI HBHSM £d^0|| ^HAI^CK 0| x-|B|b E£^ £PI 731 CM O r O|3^ ^AH| Ai (24) Oil 9\d\{ 

EMI 410||AHb. ^^HH^J £dA1| 01^*1(12)^^ Q||0|Ei H£||£J ^<MAH A| oiEi^^A]^ S IGB^I 4-dA|01|, 
£p| AH| CH Q^OI^^ H^Ail AH (24) ^ A1|14E01| £A|^| £d ^Oj (word) ^E| TCB1 ^^d| A| (storage) S°] 
^io[3 5 £^| £d H£||°j Ail 01 TCBI (j) 2| ££]2^fiA|(TSTATUS) CHI ^1 CM q|0|EP r £d§°] 

EMI 4201|Aib, £^l Ail CH D r 0|3^ ^H\MW)J\ £P| Ef0| OH (22) ^Ei Ci|0|E| H£IIS £d AHA|AP| 

T2i(j)e ^sm:a, n^e £d neiis aiichm^ tcbi cj ) chi m^m^ xmmm cbi(j)°j g^Aiet §^ 

01IBICHLH01I J\™MZ1Q. 

EMI 43CHI AH Ail CH n\0\3_^. M^AHI AH (24)7f £d ^HIS Ail CH TCB1(j)°| 4^ h AP| T1(j)H ^ 

m^\^i, ^m'B pioi bh ej- chi oi eh m^i^j ^d ahaiapi T21 Cj) zj-sj x\o\m &^\o\ ^d ahsiaizi txQ) 

m =?n\0\. £^d xiE|A|^ EHIOIMM S^OT- 0| ^AfRib, 0|S Oil eilAI^Ei^i s|EH 5b s|^Ea| 

£f HU^Eh SAH^IOI £p| ^|cn^| yq. q Ap| ^Apr SAH^oil 2\n ^d£!Eh SAH^IOI s|£ 

x| aq- EH 3fog, S|^x|7h ^AH^ICHI 9\M ®&s\Q. 

CHI 0| EH Hai^J £d=hg o_l El ?! f d v AHdlM A1I225M S£5K>I ^S^Q. 

0| AH£|b AH| CH O r O|3^ ^^AH| AH (24)011 2J^Ai M^M 4=£ 21Q ■ 

51 0|| Alb, ^\ Ei|0|EH ^B||?" ^Ai^g oIEH^eaj^ SIG52J ^a]A|0||, 4. h ^l A1| CH 0^0|3^ M^A1| 
AH(24p r ^d^^¥EH TCB1 ^^£| A| S£!E|&g ^d ^^I^J A1|CH^^ TCB1(j)°| ^J^B 

AI(TSTATUS) 0||B|Oi G||0|E|9j ^dO| 

520l|Aib. A1ICH DrO|^ H^A1| A] (24) 7^ E^0| DH (22) ^EH Ei|0|Ei n^oi ^AjehgApl T2(j)S ^ 
#o^, n^e, ^d ^dl^l AIIOIM^r TCBI (j) Oil CHemb AHIOIM^ CB1 (j) «| 33MI^ S^g^LHOII 7| 
^Al^jEh 

B71| 5301|Aib 5 ^7| AH| CH D^0|3^ ^^A1|AH(24)7h A| ^d Hg|oi XHIOjM^M UEHHb ^d ff A1|01 
01 TCB1 5£lEH3ie, Ai|o|^| n^|oi AilCHM^M UE^Hb TCB1 V^l UiC ^d^Eh 

od AH£| M ^71011 ^SfUQ. ^dAH^IM ^PIOll ^S^EK 

CHI 0| EH H^l^l 4^d^^ ^JEH^e d^^HBIM AH| 23 EH ^^°\0\ M^Q. 

0| xH£|b SE&. ^7| AH| CH O r O|3^ H^AilAI (24)011 ilgCf. 

ElEAII 6001|Aib 5 ^7| CH| 0| EH H£||oj 3£> h ^d^^ o| EH ^ ^ SIG2°| -^d A|01L A1| CH U\0\3.^ ^^M\ 
AH(24)7 r ^d^¥EH ^d AilCHM^ RCB1(j)e HA|^^b ^Zl^UlW: ^PU, ^^d «=H ^ RAM Dfl 

E£|(14)LH0|| J\™^ ^d H£l|£!0| CHIOIEH ^Sil^J oj CH^M SA^^Eh CH|0|EH ^£||gJ0| O r L|S, xM7[ 
&7\\ 72^ dS^EK 

0| 3?, £PI 4d Ha|g]0| eh^shoi He| |oi ll- CHI 0| EH HdlgJ 0|£|2| ^d HdlgJOIH^, ^7| AH| CH 
Ah^| ne||oio| EH|0|EH HaigjOl^, AH dp K £J\ A1ICH D^OI^^ H^A1| M {2A)J\ E^0| DH (22) ^^Ei ^ 

d ^^[api T3(j)s ^m^Q- 

ElEAII 620l|Aib s ^ h 7| A1ICH 0^01^^ H^Ail M (24) J\ , ^d AilOlM^ RCB1(j)2J g^AlZl Ol|d|CHLHOl| 
Ah^| 4, a | 4^^AP| T3(j)M 7|^A|^JEh £PI AH|01 0^0|3^ ^^AH| AH (24)7h 4-d EH| 0| Ei HBIIS^I 

fi¥Ap| TO(j)M ^SoU, fi^Apl TO(j)£|- ^d 4-^Ap| T3(j)Z}2| A^OIM ^Oj . 33ie Ol^AlZ} 
Tdr(j)^AH ^d A1|CHM^ RCB1(j)2J 01^A|^ 0||£|CHLH01| 7|^A|^IEK 

EP1I 630l|Aib, gl\ A1| CH Dr0|3^ ^M\M(24)J[ ^d A1|CHM^ RCB1(j)0| ^df? R 1 0il g 2ib7^ 
01 ¥1 SA^Eh 

E.EA1I 63011 AH ^§01 NOOIS, x^^P^ E.^1 64^ ^||H^Ef. 6401|Aib, ^. h 7| All CH OfO|3^ M^A1|AH 

{2A)J\ £J\ ^d A1|CH^^ RCB1(j)l 4d^ R 1 CH| H ^dAid| H^3|H21 7HA|^Eh 

E.KAII B3CHI AH^I £E§0| YESO|0, A|£P|^ B^ll 65^ ^IfH^Eh BA1I B50||A1b XHIOj 0^0|3^ ±^K\\M{2AV\ 
£PI ^d^ R 1 CHI 15^ ^d AilCHM^ RCB1(j)2j d^Ald- Tdr(n)e ^d A1|01M^ RCB1(j)2j 01^A|Z| 
Tdr(j)Hh HinmOI. ^7| OI^AIZI Tdr(j)0| EH ^J\{^\^J\ Ei 01¥S 2A^Q. 

B7II 65CH|AH^H ^S0| YESOIS, A:iE.Pr E.EHI 66^^ ^l|H^q. 6601|AHb, £J\ All CH n r 0|3^ ^^All 

AH (24) 7 h ^dW R1 o^^EH -^d AUCHM^ RCB1(n)M ^£|o^ = ^d A1|0jM^r RCB1(j)M ^\ 4^d All 
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Q\m^ rcbi (n) oigoii ^lei&cj-. 

70011 Aih. £PI 73101 OhO|3£ M^A1|A](24pL *0\ 4£| AHICHM^ RCB1 (j) 0| 4£l R1°J JHA|?|a:| 

oil UHxl^ich 

B^ll V00IIA121 FSO| NOOIS, AH|CH nfO|3^ H^AHI A] (24) ^AH 4= £1*1 El! £J^Ch 

EJ-^ll 70°J ^§0| YESO|0, m\J\ 71^ £!^=H}. 710l|A1b, Jt|| CM OfO|3^ ^^*I|A] (24) ?h 

^UH x1£|£|b ^ AIICHM^ RCBI CHI memb ei&li^snQ. 4£J All 01 RCBI (j) Oil V\^f>\ 

a] el ^ ^^Ixl^ich 

EJ-^ll B501|A1«| F§0| NOOIS , &| ^ h 68^ EOll B80||A|b. Ail 01 E^0|3^ 

H^Al|AH(24pK £p| ^ X]\0\m^ RCB1 (n) 0| ^df? R12J ?l*|0l| hHaISH^^ 01 ¥1 SSHl^. 
EJ-^ll 68011 A|°J ^S0| YES0I3, x\^\J\ EPII 69^ B^ll 690||Alb, QJ\ All 01 0^013^ ^^AH|A] 

(24)^ ^ai All 01 RCB1(j)M 4d AHICHM^ RCBKn) E^OII AHI°JoU, 4df? R1 CHI g 33 4d XHI CM 
M^°1 g^M 1^! ^[APJQ- 

t^l 68CHI Al^J ^S0| NOO|0, B.| ^ I- B3| 67^ £!St.Hl. B^l 670||Alb, All CH OfO|3^ ^^K\\M{2A)J\ 
QJ\ ^d AilOjM^ RCB1(n)°| aH| «j g^f AHI^OI , All pi sj 4.AJ All 01 RCBI (n+1)2| Qjo A | 

Ztfl SA^Eh 

*|BPJ EWI 65^ A1ICH 0^013^ 3^A1| Al (24)^ ^1 M^¥^MOl| 2|^0| ¥^£|S 

EMI 63011 Al . £p| OI^AIZI Tdr ( j ) 0| Oj^AlZt Tdr(i)^ g^sj 51°^ £PI R1 0| ApH 

^U°^Mi, 3 §S01|£|01LH£1 SA|3 CjWW\E ^rtt^A\J\ 13 m 4^ All CH If ^ RCB101I Cfloh 
01 ^£]*ISP|- °Aj^o^ ^gsjcf. 

^AlgF^BIS A1|24£M ^ h ^m01 m^lOll ^S^Ch 0| ^S|b SEth All 01 0^0|3^ H^MI Al (24) Oil 9]d\\ 

EMI 8101|A1b, All CM OfO|3^ ^M\M(2*)J\. B|-0| U] (22) ^E| ^A|2h^A|7| T4(j)M ^S^K>1 . 3^ 
4£J All CH RCB1(j)2j 3^A|^ S SCHI^I CH LHCHI 7\™M?1Q. 

QE EMI 82^ B^Q. EMI 8201|A1b, All CM 0f0|3^ H^AI|A| (24) ?h 3^A|Z| S^01|£| 

OKVU ^^MJ\ T3(j)S ^fs[2. ^^A^l T3(j)^ -A|2hgA|7| T4(j)Z_^ ^0|M 
*l t£!*I^|A|ZJ Tr(j)e ^MQ. 

El^I 8301|A1b, A1| Oj 0^0|3^ H^All Ai (24)J\ Q?\ bH Hi RAM LHI H£| ( 1 4) LH Oil q|0|E| ^31 

0 V M . ^^1A| yjA|, ^^fl^M ^ ?l ?l^ ^I^A^ ^S^HI, OIM HIOM lH Ah^^hOl 

eh^Shoj o 01 oil Q\^l All CH CB1 . ^^IQl|0|EiM ^S^Q- &^^o| ^y|oi^ g^sh^ ^ > 
^ ^xPf OPIEICH , 0| Ai£|b ^^1 ^ SIMM UEKHb 3^^EH§^^ Q||0|Ei ^\<^9\ 

-ai-^a^I T3(j)2L g^BIM ^em^qi S^lb ^x]^\M^ Tr(j)M A|Z_^^M V «,>[o^ ,J 

&Eh 

A1| 0] 0^0|3^ H^A1|A1(24)^h eh^shoj ng|ois ^a|^01| ^e^EK x\ £| S t dU|0| 

Elb, ^^1^ S=P ojEljH|0|^: a|^(18)M ft^HAl ^Al^x|0l| xh^ion ^A|^ir|. 

84CHI Al ^ a All CH D^0|3^ ^^M\M(24)J\ ^fi^i ^l^PI Al^^CK 

LK" x]^\J\ E^l 85^ ^l^mui. 0| B^1|01|A1b = All CM OfO|3^ ^^A1| Ai (24) J\ R1o^^ E -j ^aj 

All CH RCB1(j)e AllAl^Eh Ah^| AH| CH R^0|3^ H^1|A|(24)^K £J\ t d ^ R1^J ^HA|^d A1|CHM^ 
M HAIBfb RCB1 SO]E| A1|oj^l ^d Ail CH M^M HAI^b RCT1 SO] El ^haj^q. 

B601|Alb= All CH 01013^ ^K\\M{2A)J\ xMM ^^B|5J S|2^IS ^?|A|5|Q. 

^d^^lOllAl^, ^4^1 ^dfi^r 1 ^^ E.^. E^l 81^ E^l 86Z>°| m\J\ ^^£|D1 S 

^, qj\ qx\ji, 32^1 ^aj3 pi 01 eh ^yigjoii cHe^^b ^^isai^^ei£i g^si^i ^Biigie 

LHy|plLh 0| All CM 0^0|3^ H^A1| M (24) 7\ ^^S^^Oll ^^^^01 q|0|E1 ^£||gJ^M §^ §J ^ 

aj^q. 5Eah a xi| CH 0^013^ ^^Ai|Ai(24)^K E^ ^Ajx h ^| ^ ¥&1 oj ^Aj^zpoil £J\ 

^^Shoi ^enoioj -Ai^e.lp A1|25£M ^^01 5^1011 ^S^Q. 0| AHEIb SE^ = All CH ^0|3S 
AHA] (24)011 ^HAI ^iH^EK 

B^ll 91 Oil Al^. ah? I ^^AIS|^(10)^^ 2^5^ s^ioig 4=A|^^ Ail CH 0h0|3^ ^^A1|Ai(24)7^ ^d 
^ai^LHOll ±m<B ^AiAi^xHyon oj^ H ^ai sg|oi xilCHM^ TCB1(j)M ^O^EK 

9^ll 92CHIA1 fe, £J\ AHICH D^0|3^ 5^Al|A](24)y^ ££j He ||oi XH| CH S ^ TCB1(j)2l All CH CB1(j)2| 
S^AIZj- SM0l|B|Ol^¥El, CH| 0| EH ^l£J ^dA|0|| ^012, ^^SAPI T2(j)S §§§[2, EE^ 

^^1 ^ LHCHI 4^4^A|7| T3(j)M ^#^Eh All Oj 0^|3^ H^|A1 (24) J h q, 

01 EH Zhoj ^o| S =Pmoi, ^d^S eoHAH CHI 0| EH iZEHI^JM 3^o^CH| Ifi^ 2ihA|^ Txf(j)S Ah 

foii. 351 e All 15£01| £A|3 EH| 0| SLH CHI ^^ApjLf. 

0| g^, ^| All CH DK)|3^ 3^A1|AH(24)^K 2^ h A|Z_^ ^AH^iM 0|30l| d|A|^E!3 5|CH^ 5|^x|2J 
UUElCf. ^AH^iOl s|CHA|^a EH 33, 0| s|CHa|^ ElAU&o^ CHAHIgEK ^AH^iOl sl^Al^E^ El 

3, 0| Sl^xlb ^AH^i°^ CHA1I3EK 

93oiiah ^ai^oi s^^ehs u^lhs. ahich n\o\^ ^m\m(2A)?\ nais 

LHCHI -AjxHEIAI^ Tr(j)M ^#^3, 3>ie °I^^^Ai =^A| ££]£x| SjA|0|| ^^01 
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^a|A|zt E||0| MLHCHl aixi^q^q. o| s^. Ail CM qo|3^ ^^A]\Mm)J[ 4=ai^£|A|^«| mUi 

^ 3|X|^E|S! S|CH^|2|- £|^a|1 HU^C-h SXH^IOI 5|Clix|MCt Ql , £P| SXH^I 

cHA||£iq. 3*H&0| si^Al^q- q £P| £|±x|2t 3AH3i°^ QIAil^ET 

£ i^goil 2joh chi o| eh ^Ajoh^ nj q^ ^goj-q. 

fl|19£0|| £A|^ ^dGY °]E|^M ^|BJ0||A|, 32| 0|^A|^ Tds(j ^(jt)2J &o| £dG?0|| EH <?H AH , 
£PI X1ICH 0h0|3S ±^A1|Ai(24pK fl=FAP| T0(j)01|AH E||0|q £d0| ^ SIMM ¥l^M ^ 

^n, ^dfi^s s^mi. *pi sags 21 ^Ajfi^ ^^^e e^i^q. 

±2.± ^ddAPh CH| 0| &i ^d^b S?, £d£^AP| T2(jph fi=PAP| T0(j)£h M Ci|0|q 

^eil^jLHoii stin ^ sm. £p| chioi eh naigjoi ^d ^ ^°jqs, ^d^Api T2(j)2i- ^d^ h eJAp| 

T3(j)dq xhOIS , diMIZt Txf(j)M Yl, h 4= £iq. =dA| £d&A|0|| °.|oH ^x] 

^ s ch , ^d^qAizt Tr(j)e ttm^Q. 

£P| 2&AIZJ- Txf (j)q 4=d*|B|A|ZJ- Tr(j) 0| dA| £d£ h *|0|| £d£|01, 0| £d£ h *|2J £4^d 

£d aPI A| ?J Tx, ^dAHqAIZj Tr , A-gq £d£ h A|01| CHI 0| &i M d& h ^L1l S^lb 2 i> h A| Zj Txf 
:d^AH ^d^UI ^ XI 011 q^hOl £dSA| LH CHI yxil ^ 21 q. 

^oii! ^ddApl ^dfli 1 ! ^d^S. o| Qx\J\. °i^^ah £d£ h A| *ix|oi| q^q £p| a| 

Z_Et|^e ^s^iq. ^dSUPh ^dAiq aiz_^ ^dSAiq Yd qq ai?i §j ehi 

oiqe yyy £ddA|oi| dioiqe diW^EII ^eib d^Aid^ IPIH Y^Q. o|q^ ^ qy, ^q 
d ^d^q^Yqq £d2Y?h £d^*loii ^joH xiqqq, oii# m^M?i Tag d^^q. oii^ 

#^B|A|Z} Ta<q fiYApl T0Z|2| ^0|S q^Ald TdsYY £g Y 0| q^Ald TdsOil qqq ZJ^ 

d c! a| l ■ ^d^ h dAp| T3i ^Sl h ^ ^^aizi Tr, d^ h A]q aizi Tx. qqqi 
^d&A|oi| 2&^^q| ifl^ 2&A|^ Txf §J =^ A| ^d^Aiq ^d^qA|^ Trq w^|# 4= 
2i3. £J\ M?} qio|E|§s s^h^chi yx|£H SiP-. qM, 4^1 ^a|7K qioiq ^IgJOIIAH fi^AI 
7| TO^q x\o\m q^Aizi TdsM ^^q. oi q^Aizi TdsOil zj^te 1§b[oi 

oil sim oi ^^ixiq;: AJfy^q. 

^ ^gq ai|2^a|oiioii qioiq^d^S ^ S^IM ^Pioii ^s^q. £ ^aioiioiiai. ^ ^d&Aiq 
Ploiq^Aiq qioiEi^ q^ ^ssi^oii g^Elia, ^ qioiq ^Ajq zj^^^ ai^^J 

chi ah ^d'dL|. qqAH, ^ All ai^Uoiiah l^^ ZJ^toii qmol £d^A-|g§ muoii ^d^Joi 
r! q 7" TH- 
AU 2d A| oii^ AindAioip^ ah 7 ton tAid M±mo\\ Ai^^e y^oil 
^ ^d^Aiq Anatoli £A|s ^gia^LK n ah^ q^q. 

Ah^| A|^^J8, ISO 88024(SEb IEEE 802.4) SEb ISO 9314(ANSI X3T9.5) ^^Oll q^H ^d 

^ ^A1|^ A1|q^AiO|| dWoK MAC 7|^M ^^1 91Q- ^, ^d^°l HAI^b MSIISi 4^d 

51b q ^d^Alb HE M2M ^ h ^l 21Q- 

en miohah^ 5 H3i°]2| ^dAioii 2t2|2| gfioh -q qiqq ^eiigje ^d^ h ^ 

5E M20||Alb, §e Haigjq 1^^1011 A|d, HaigJ ^^|A|dM ^o[^ ^7||E Z| £aj 

SA|q qoiqoii q^H a^^H-K a #g*i^ Aiz_^|^q q ^og. q Ai^xi^q ^ok=h 

^5| qoiq ^Ha| TRTD0II ^^o^ cH|0|q ^aigj ^dS ^ sm. ^1 £^ ^^1 a|Z}aPF 
^§x|^q q ehi oi eh ^iqq ^doi 

Aiiq dioib^ h^aiiah(24)7^ ^d ^d^ m^n^\m umm ^ ^pi ?i^^q, ^^d ahich ram 
diiss|(16). ^^d mm ram oiieq(i4) stb mpu ram D||eq(28)LHoii g^a AHiqcnioiq ehioimoi 
qq 21 q. 

2|2|2| ^d&A|01| LH^ CHI 0| EH ^dSY^ Ai|2BE01| £A| @ , £di E||0| EH DT1(j)^ A||27E0l| EA|3 , 

AiiqM^ CBi(j)o^ y^^H 2iq. £PI qioiq dt 1 ( j ) J?h ahi q CBi(j)^ ^^d qnn ram misai (14) 
lh chi qqtH 2iq. ^,P| All q CBi(j)e. Pioiq dti C j ) oil LH^qb ^d All q oil ^ ^^ 

y A|q Ail q g g e i^s^ £iq. aiioim^ cbi c j ) chi ah ^ ^ ^gq Aiiq^q ^lyoii is^ i 
soil qqAH, Aiiqoiiqq CNTi(j)^ ^^aiz} g^oiiqq TiMi(j)oii ^7^q. ^dEHiqq otkj)^ ioi# 
5j Aiiej^i ^dtH Hi (14)0|| ^iq^iq. 

xiiqM^ CBKj)^, ^d^AiLHq ^dEHioiqq zi^ti hai^^ <q ^ Ah Aie 21 q. 01 qgAh 

Aie, E|| 0| E| DTI C J ) 0| 11 Yi ^^AHI^OII 9]m ^d^lb SYAPI T0(j)M 5|[5[3 0| 3^, 

^,P| EHioiqq d^Yl qqLH^ AigAf ai^^ah, oilier, ^do^l lh oil ah cniqqq ^do| ^ 

^£ib api. ee^ ^pi ehioi Ei^h ^^ ^d&Aioii mw ^dti^ apim Hgm ^ &q. 

AiiqM^ CB1(j)^ ^dEH|0|q 0T1(j)o^ Y^^l EHIOI EH Hai^J D1(j)8. ^^J^J Y^°^ ^ 

d tl A| e>ba. nqq. ^ ^gq ^ m LW e] nais Di(j)q de^^h d^ Ah Alih SdAHq 

q sqAi^e HAi^hb sqAi^ gai stish^i 21 q. 

Ai|28Y^ ehioi q HcHlgj m(j)q Yd! uq^q. 

A h ^| pi oi eh ^yiq Di(j)e ci4)oii ^iq^q. 

A1I29YL. ¥cH|0| Aiiq^E, EH|0| EH ^\o\ D1 ( j ) LHCHI S^£|^, =^A| gUI ^^1 ^ <M 
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gy^oj o|^|p HA|^b §S1 £d HS||°| X||01M^ TCB1 (j) °| =Z£M UEhtHEh. 

£PI £d HBUS XilOiM^ TCB1 (j ) CHI 5S=! q|0|E|b. q|0|E| HBII2I D1(j)e §£oH0t Q\ 
0| Bj H^|°]§ D1(j)0| £A|£|b 3^. ^1 ££!He||°] All 01 TCB1(j)2| £Ajx||o| All CH 0\\ S| CH b . 
C1I0IE1 Hell D1 C J ) CHI CH^hb ^3 ££i Hei|°J AllCHM^ TCB1(j)g All o 1 ^^i^ick £PI 
HaiS AllCHM^ TCB1(j)e. *PI|0i BAM ^5 Di|H£| (16) UjOII 7|^iH 

mj\ c-iioiEi Haling D1(j)0|| Cfj^hb R1(j)b, £PI AilCHM^^ CB1 CJ) LHOil S&SH £":Q, 

CHI 0| EH ^aigJl^ ZJ^t HA|ohb *\gX\m A12| & T0(j)0|| 2J^01 £?|^o^ £a|^ S12^ 

EK X1|31^b S12| UE^EK 0| CHI AH , ^Z?| £A| ^ S1b, ££]*hx|°| S.=FSO| 3 

mo\ zj^oii 2imoi ah^ Ai|oitH 2ict. t^fi? rkj)^ 4=£m sie. mm ram ohmi (u)lh 

Oil J|^j£H 2iEK 

£PI S1LHCHI 5^ A2b, ^d^ h A|^| ZJ^^ ^AHl UE^lhq. Al|32£2h All 33 

£b ^Xh A2°J U^LHLK X1|32bb A2 A1|CHM^ CB2H U Eh mil. A1|33£b ^Xh A2§ 

soi|£|oi uinie UE^Eh Aj^Xh A2b, S10IIA] S| H ZJ ^b ^dfli 1 R1(j)oi| m^mb 

*]^Xh A1M MH^na 21Q- 

±J >H X| A2; : ,-, £J iZ ^A||^ fi? F1£, C A °l °l '-, 7£J0|| <^§£| A| &bQ- A1|34^b £J 

^ <*A1|^ fi=P HCIIS F12j UE^Eh £P| ^aj^ ^A1|^ S7 Hdlg] FIB. *l|28£0|| £A|9 qi 

0| Eh MB||gJ D1(j), £^ HeilgJ ^ I Eh ££JA-||CH MBIIgJ i§°^¥E1 ^ 2" b Eh ^ ^ff^l 7 

£ H ^ h Ir 4= 21°E| - 32] g^^b ^ ^Xh A2°| §Hi 5^o[i °[Eh. ^ X1|28b01| £A|E Q|0|Ei Hdl 
£1 D1(j)0||A]b, ^AHZ: a? Meilg] Fl 0|| CH^Shb 'H^lg] AilQi 3Ei 4- 21^2, 4.^1 

^I^Xh A2^h g^^'Oll S^S ^ ^Eh. 

A1|34£0|| £A|^l Oil Alb, ^ h ^l A1ICH SEOII 0 -|5HAi A]^ 0 | ^JfH^EK ^a|^ <>]/i| ^ S =p n 

eilgj F18. EH nH RAM d||H£|(14)L4|OI| J\<*$\ 2ich. 

A1|35£b ^d AilOiM^ TCB2°| UEhtHEh. All CH TCB2b, ^d ^ ^AilZi 2? ±Ze||°] F1M 

^[^shbdH iszK ^eiig] aiioi^^, xi °i i^^yxi mQ^^\ ?-l ai m 

A|A|^Eh. ^ai AUCHM^I TCB2b, M\0\ RAM OIIHBI (16)L||0|| ^I^SH 

A1|36^b ££l£hA|01| ^ItHAi ^^^£lb S^IZn £=Z HengJLHOII i^h^l ^Al^ A2°.| ^£ 

M LhE^Eh. ^ai^ Ail R2(j)^ = ^^J ^ ^A1|Z^ HdlS F 1 (_H 9] ^|AH A20|| H^ 

2J ^Al^ ^/1|^ Q_=? 2|2|Bh CH^EK ^A|^ oh^^ q^<= R2(j)b ^r^^ BjHI RAM D|| SB| ( 1 4) LH CHI 
?l^j£H ^F_h. 

A1|37£b, ££J^ ^AHI^: S=Z^ R2(j)^h AlZi^OIIAI n^oj ZJ^EOII °.|5h01 ^?-|^h IS^IEK ^ 

S20l|A|b. 4^ £d^*lsl¥E]°j ^a|^ ^Ai|^ fi^e R2( j )^»h A|^ Al|oj£H . ££lfl S2^ 

£4^1 EH m RAM D||2£|LH0|| oiQ . 

SJ\ EH| 0| EH EilOlMe A^^hb A1I01 DhO|3^ ^M\M(24)Q\\ m\\ ^HElb Ai|0]x1d|2| 
m oh7|0|| M'^JplEh- 

^Aixh^on ^7.1 x^ pK CH|0| EH H^lgje t^lSPI ?l^ ^5hS, Ail 26£«| 

^Ajq| 0 |El£h A1|27£«J AHOiM^ CB10|. ^^fi^ °JEini|0|^ S|^(18)M o^H A| UH 2H RAM D||S£| 

(14) LHCHI J\®&Q. SE^ eiEH^EAj^ S IG3Jh A1ICH DhO|3^ H^AII A| (24) Oil ^^Eh. EhM^, £f 

7| AilCH OhO|3^ H^Al|AK24)^h, 5ZiM ^a|^^E12| ^d^HH ^^5-lb 

^HAI^Eh. 

g^ll 1100||A|b. ^| A1I01 DhO|3^ ^M\M{24)J\ £J\ AIIOIM^ CB1(j)^ ^dF||0|Ei DT1(j)°^^Ei 

££\ x]\oim^ tcbkj)^ ^ai^^ ri (j) e ^ h ^^Eh. 

EMI 120011 Alb. A1I01 □ h 0 1 5> JZ H^AII Al (24) 7h , £PI t^fi? R1(j)0l| 2J^H A|^^ A1|01M^ 

CB1(j)LH0|| ^^Ah A1(T0(j))Ilh, ^aj ^ SI CHI 0|B| 21b ^Jfl? R1(k)5J ^|«Ah 

A1(T0(k))^ HlH^Eh. Eh^8, A1| 0| DhO|^ H^All Al (24)^h ^\ S1M ^ZJ^t ^?l ^ AHUHg 

^Eh. ^ 5 AH| CM DhO|3^ H^A1|A1(24)7h = ^dfi^ R1(j)°| PRESh NEXT 0||£|01M Ahg^hOI . 
Y R1(j)e SI CHI AlieJ^Eh. 

B^ll 1300||A1b, A1|0iM^ TCB1(j)0|. A1|0|M^ AH| 2J A11 0\ Oil £| 0] S Ahg^hOI . SI 

0HA|2j b?|0|| 2JSh01, 0| □ | i^lfi? R1(k)2J £AJ Ai|0|M^ TCB1(k)0| a||o|^IEK 

E^l 140011 Alb. ^^1 A1ICH DhO|3^ H^Al|Ai(24)7h, A||33£0|| £A|^| ±\*X\ A2 g^0||d|Ol tt\IL]m ^£ 

&?\ x\\o\ u\o\^ ^m\M(24)j\, #jyqioiE| mi AilCH 0||d|CH, od Q|| 0| E| jhai . gzt. fg HAIOII 

en 01 M Ah^m 01, ^df7 S1LH2| b?|01| °|6h01. ^7| AjWAh A2 S^01|£|01 U\mm 0| □ I g3bl ^Ifl? 
R1(k)2| Ai^Af gS0l|d|CH0l| A||oiE|Eh. 

Ah^| ^ai^ SA1|Z^ fi=Z He||g] Fl 0| 4^1 £| D1 , A1| 01 0^0|3^ H^A1| A] (24)J\, A1|39E0|| £A|3 ^Al^ 
^ All ^ fi^ 1 Heilg] Fl 0| 4^iH|| ^|H£|b A-|d|2j l^°f J\\A\^C\. 

2100||Aib s £3\ A1|01 OhO|3^ H^A1|A1(24)7h, SA1|Zi HeilS Fl LH Oil 5^3 Ai^Ah 

A22J §^^h ^^Zi^M HA|5hb 4:^^:^ y X| Oil ^J^hCH , 2 All A|^^J2J xh^jCHIAH 1§3 ^^£1 HA| 
dhb ££JS^, ^. A1|36^0|| £A|£| ^a|^ ^A||Zi fi^r 1 R2(j) M ^[-^^Eh. 

b^l 220011 Alb. All CH OhO|3^ H^A1|AH(24)^h ^Xf A12| 2i=TNM Ah^ShOI £ Sa1|Z^ R2(j) 
1 ££]ff S2CHI 0|R| g^^l ^A1|Zi fi^r 1 R2(k)£h H|H^Eh Qg, X1|0] D^0|^^ H^All Al (24) J\ , 

PRESh NEXT 0||B.|CHS AfgofCH ^TZJ^t b?l^ ^Jf? S2S AHHH^^EK 
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^fl? R2(k)7|- 0|D| 2ib S20|| CHSHAl^. X]\0\ U\0\3.^ ^M\A-\(24)J[ S22J 

A|°|x|^Ej UIH^^^BIM ^HAI^DK ^2^: ££]3*l S A| SA9\ gjxl^b ££!f^ S20|| 0|D| g 

3£! R2(k) CHlAi S5£|3 5 X1|CH DF0|3^ M^AII AH (24) S2^E] R2(k)S All 

H&Q. 0| *|B|b. ^11^ W ng|oi F1LH0II £|£ A22l°| H| H^S A| B| 0]| ^gg 

SEEh £PI *IIOi Dh0|3^ H^H|A|(24pL #?\ ^«Af A2§ R2(k)°] ZJ^ig UEKHb 21 Tk 

£1- yum^l, S22J |3 XPH^&o^W. dff^ ^ h ££! ££"2=P R2(j ) zj^^oii 

t^l 230CHI AH X|| 0] Dh0|3^ HS4I A1 (24PL ^A1|^ fl=p F10| ^^IIHDW ^29. 

£drf S2g, *>A|^^E|°J ££Jfi^0|| 2|oH ^ H|H^Lh QJ\ ^2] 

2| ZJ^£^ q ^23, £PI X1ICH 0h0|3^ ^^|AK24)Jh ^ZJ^^S ^dfi^OIl CH^mb d|0| 

Ei H£l|g] Dig, £d All Oj^x|( 12)2] MAC 7|^2| 2^ M2CHI CH £d ^ TQ2CHI ^5ApjL[. = . £J\ 

X]\0] U[0\^ H^H|A|(24);?L X]\0\m^ TCB1 A1|°l°| A| ±£B|X| *UIS ££lf? TQ2LH0II 

Q. 

HB||g]0| 4^£IS, £PI X1|0i DK)|3£ HSA)|A|(24PL *||40£0|| £A|^ £^ HBIIS ^£1*1 BIS 

<E*J\\ 3100IIA1 . £PI ^Al ^ TQ20II g 3 £| G|| 0 | El H£|| °] D1 0|| CpH Al , £J\ X]\ 0\ U\Q\ 3^ 
^M\MW)J\, ^ ^dA| ^^^e ^ ££| E^0|D1 £f|*l £||X|^E1(30)^^E1 MCA 

£E M2CHI LH^o^ =H §^ £S| Ef0|Q1 £ffx| TRT1 M ^S^Qk L[§^ s ^| D f0|3^ H^jHI 

A|(24)^K EH|0| EH ^|°]g D1(j)2| #^0||A| # Q| 0| E| CHI 21^01 £ff A|^x|0|| Cf|^ 

ufb PI 0| E| Hai^j D2°] ^SfH}. 

£PI EHI0I&H HB||°]2| ^ D2(^AJE|b P|0|Ei D1 > ^#A| Z_^| ^CH| ^AJl 

&7l\ 3200||A|b. ^\ MICH D10|3^ ^Ai|AK24)7h ^AJ^ S1°^¥E1 ^7| G||0|E| ^|£] D1(j)0|| CH 

^Jfi^ R1(j)M XmmQ. ££1S-^J\ &^EH ^1 Xi| CM ^013^ H^1|Ai(24)^ 5 

fi=P°l A2 S^0||£|O1 mmo| ^^£|X| 3 AIM ^] ^ Af- A2 A1|CHM^ CB2°| ^] « A^ A2 JH A| ^££|A| 

S°jEix|0|| ^Igj^EK AH| CM 0^013^ H^HI Al (24):n . ^dP|0|E|oj JHA|?|^|0|| 5 ^|gA^ A2 g 

^0|| E-l CM tHUiS 

^1 ^^1^ S1°^^Ei ^AJ2^ R1(j)2j MmAlOll S1 LHCHI ^^Jfi? R1(j)^h 2^ S[X| 8f 

71U ^^A|^|01| TQ201I Oil 0| ^£||gj D1(j)0| 2^ 2iA| . £J\ M\0\ U[ 

0|3^ H^AIIAI (24)71- ^XH CHI CHemb A2 S^0||&|CH2J ^X\m ±\mx\ A2 X]\0\Mm 

CB22J A | ^ A2 ^^£|A| S°]E|x|^A|. ^^A^ A2 A1|01M^ CB2°| w ^ A2 A| ^^£|A| ^ojEix|LH 

Oil j\®°yQ. 

£J\ EL| CHI 2\m0\. ^S|EfO|D1 ^^A| TRT10II CH^^b P|0|E| ^^IgJ ^ D2CHI Ul^ol^ ££\ 

^ ^^11 ^ 2? ^aiS F10L £^ ^^JAIOIL A ^| ^A|^0|| £#^IEh 

7|E[ o|^e^ ^ 7|^ot°l ^^A^eoil^l ^Sl h 31 o| Eh neiH^ 5 ^ ^ lh 

CHH^I SxL 4JA| 011^011 ^§ £| A| pA^EK (L\^iM , ^ **$\9\ Z^^?|0|| 2|oH ^3 3 

h ."a! ^y^j sai^^ilhoiiai c^oh ^seoi j^ma. 



^ = Pi> h 1 

^^Alxh^i^Qji q|0|E1p ^^AlS^b Oil 2i01Ai : ^^AI^A|LH 9\ ^^AJ E||0| 

E|A[ Ifiill ^ o o[Aj| x1B.|£|^^, ^?-|M ISoQ: A ^| ^SB^IOII °.|oH ^^|0|| ^ s ^ 

AHHH^o^; A U| AHHH^BAIIOIIAI AHHHl^ ^1 S^^OII CHE! ^^d^e.|S ^ 

imb ?ie ^J2^ pioiei ^^^a. 

All 1^011 2!0jA1, ^A| ^?ISSB?1|01|A1, ^dfi^r 1 ^ Q|| 0| Bi Ifi^DLH ^d^l^ ^d^-lb IS 

mni: £pi ahuh^B71Ial ^^s=p^e ahhh^o^ baiim ^^i ^^&^i^h ^^^^im 

l ^mm s^o^ 51 oi ^sej pioiei ^^d^a. 

§^ 3 

AIH^OII £iCHA1, ^A| ^?|^SBA1|0||A1 ^A|fi^2| Q|| 0| Bi^h ^Al£|^ lapH ^§o[t^ xl ?.| £| b ^ 
?ll ^SmiQ; ^71 AHUH^^PK ^^fi^ee AHUH^^^ ^Alll 5&§U; ^A| ^S^Ph ^^A-ldl 

m baiis s^^b 5101 ^soj p| 01 ei ^^d^a. 

4 

Ain^oii °io\m, q\o\e]j\ 12^ ichai^m ^ssk>i. ^i ^?is i§o^ baii 

s 5fB[b 510| C1I0IE1 

Aiimoii 9io\M, mj\ qiioi bh mo.mmmx\9\ oigmoi a ui i§o^b e 
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j\\m 3101 pioi&i £4^j^s. 

m^m 6 

£&&nm\M mmm q&om °lq\m 01*121 chioieh ^dSMoii mm, m\ § 

*\°\ q|0|Ei ^-AJxH £| A|Z_K £J\ Q|| 0| Ed «| S^ h A|Zt °J #}| CH|0|E|°| ^A|^e.|A|^M ^#^01 &J\ £A| 
^x\L\\0\\ MXloU: ^3 q|0|E|7|- 2?£|b 2?A|7|2h 1) ^7| ££]§x|LH0|| SX|=! 4^aH&| A| Z_^K 
2) £> h 7| ££J**aH^E|°J Ci|0|Ei 2fe h 0|| gfl^2 £J\ LH CHI ^Xl^l 2^A|^ gJ 3) ^XHA|7|°] 

tWlZtSl aH0|0|| m\0\, U|2| CHI 0| EH CH| CHS]- £A|£=P01| ^S^, ^7| ir^S h x|LH°| 

^4=21 oiioi ehchi ch^ ^Aja^ -aim XHUH^WH. ^aI^ahs l^mni; ^7| £d*IBI£Al 
Oil simoj ££JaH£|M ±maKa: ££!*IBI£! Q|0|EiS EiWb m - oil o| eh 

£iCH AH , £J\ ^dSSI^¥E| q|o|E|g 4-dEl *d3*PK £PI sjoig =p»u. n *0| 

Oil 2|oK)| ^7| ^AjSximej ^4=°H E||0| EH^J 4^*1 B| £7S XHHH^o^l ^^H, 4^*|B|£A|e 1 

smia; £P| 4^*1 enroll 2jmoi ^dxHdie ^msfe >ioi chi oi eh ^ai^. 

£t£\Q*\2}0\\ CHIOIEHM £t^^\^^0\\ SiCHAH : ££1^7^ C|| 0| EH ^£1711 £ 

7| ^^^SaI^^EH £a]£|£^ £, h 7| ^^I^^E^IOII 2J^H £?]0|| SJ^^OI £J7| 

^ cii oi eh ms.mm ahei^ie^ ^sshq: 4^£?i^§ epiioii sism ig^ 

£?ioii «imoi ^7i ^^mm mmm^ m\ mm^ ^o-^mm ^ah^im ^ 

ft chioieh ^^d^a. 

^ 9 

H|8&0|| ^OjAH, ^7| £?IS § B71I01I AH £P| S§o^| ?|oH CH|0|E|^ lCHA|Z|g 0| go^ 

I ' Jl : : 5*T6| ,j 301 ^go, qiioieh £4^^g. 

lj=PiJ 10 

AHI8&CHI 210UH, ^7| SMI Oil A|, ^7| £?|M ^3^71 ^|5H E||0|E]7f IflilpW 7IZ1M 0|g 

eoiis fmb 5ioi ^s^i chioieh 

,'?>' 11 

^^oj ^^oii r|| 0| C | ; : CHI 2101 Aj : ^OiE £^B-=?J\ ZJ^^^ UDHX| ^>=9\ 2| ^ 

AIS^^H ZJ^tp b)|H6^; ^7| ^01^1 £<M£^2Q| ^l^£7^ UDHAI ; | ^^S^^J ZJ^£ 

^MttH, ^7| ^0\E ^ ^7| ^Ai^^oil CHemb PIOIEHS ^J5[b ?ie ¥J2^ Sib CHIOIEH 

^1 12 

C||E?H 3iZ 7^7-! ^^^I ^^^SxIZIOII CH|0|EHS ^S0|| 2iCH AH : LH|eoj 3 ^ ^^oj 

^ t ^Ji h A| 2|Z|0| , J \ ^^d^A| Q| a^M, ifiOII ^d£|£^ ^d^lb HHllL h °^H 

< H 0| , A I A|| 1 ^Al ,,' 7^ E^ ^^A|^A|^0j| £A|SP]| E^ ^^A|^x|^ ^^jO^^EH ^A|3 Ah^| xi| 

V^!o| ^7| ^dfi^e^ CH|0|EH7| CH|E°]^ ^ a1| 0l| CH^^OI ^ fi&CCH ^A| £ |cs ^ 

A|£|^ ^?|^ ^7| ^Al^^p XHHH^^o^^H XH|2^ai^§ ^[^o^; ^0\E ^^^^^17^ £^ 

e ^^l^ h EH S7| ^CH Ail ^^^^A|°H ^7| ^^o^ ^a|^ ^Aj s =pp A h7 | A1|2^AI^^ 

°.| ^7| ^^IS^^^I H|H^^ a ^7| AH|2^A|^o||AH ^a|£| ^ £A| £> 73 0|| , 

^7| ^dfi77[ ^rdHttH , ¥^r°^ ^6JS ^7| ^fi^j CH|0|EH1 ^ A 1 C 

o^^b CH|0|EH ^Ajuhg. 

^=P^ 13 

°H 7|^L.HCH| CH|0|EHS ^^o|7| ?|^ ^aj fi^f ^Aia^: ^7| ^A|^=p^ CH|0|E|7^ 12t 

HH 4^£|£^ ^^l£|0|: &EH01I oj^^Qj ^Aj^g ^CH^I ^°| aeho^ y[j g ; £^1 ^ h 

7| ^CH^I ^A|^=poj ^A| A|7|9K UDH X| ^^°H 2| ^A|^=poj ^AJA|7|S d|I15^; ^7| dim 

jlfOll 2J6I01, ^7| ^^o^ ^A|g ^>Mfi77^ ^7| UDH AR|°| £>7| 2| ^^1^7 0|^0l| ^a|£| 0 ^ o| 
b 31 *^o^ ^AifJ ££12.^2} CH| 0| EH m ££\o\^ 31 M ¥J2S CH| 0| EH 

§7S. h 14 

Xil 13&CHI 21CH AH , ^7 1 ^0\\ 9]m 4^^^ ^ 4^^s=PS 4S5[2; ^7| 

x\ ^o\\ Lm 4^2?i S7| ^Ai S zp^ Bfgs, chi o| EH ^SM f^m7]| aH d|£l£^ sfb ^^l^ 

UH^o^ ^7 1 ^A|fi?^e ^7| ^?|^ AH?.|o^ 31 0| CH|0|EH ^AJHhg. 

^=Pi> h is 

CH|0|E| £4.ajS t^l yX|5P| ?|^ DHSBIt^BjU: S7| fH|2B|^BLH°H ^4^^J ^^^JS?^ CH|0| 
EH7|- Ifi^CCH ^^5|71| aH£|£|£^ S§o[b 4=B §J : ^7| ^^|0|| «|5^ ^7| ^4dfi?ii 

XHHH^B^ 0| XHHHg^ ^4=^1 S=? 011 9\o\0\ ^4^^A-H£|^AHS ISofj, ^4^^A-HE.|S AioH5^ 4^BM 
7U|^ 3iM ¥J°^ £4^^a| . 
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5=?5 16 

ahi 155011 sich ai , 571 misdi^^oi ^d^^i sxismi: 571 gg^yoh ^ds^si- 

G|| 0| EH^h Ifiti 45^1^ ^AJ£|b £?IS 510| ^goj £455*1. 

^?t> h 17 

All 15^011 2iCHAj , 57| m|H£|^&0| ^g^i ^Ximni; 57| 3S*&0|. ^4^1 4dfi¥2H 5*^=! 
PI 0| EH^h !20|| cq-ei- ^^o^| Xl£|£|£^ ofb 4?IS lSo[]I; 57| XPH^BOI, 45£?^M XHHH 
g^OI t^Al^M 5 limb 5101 ^5°J £^£!S*I. 

18 

AH| 155011 ojOIAI, 57 1 S34B0|. QIIOI Bi^h 12^ !CHA|Zlg 0|go^ 57| £?| S Ig^b 31 0| ^ 

XJOJ ^^A|^X|. 

§ =PfJ 19 

ahi 155011 siojAi, 571 154B01 . qioiepi- wQmm\n°\ 715M oig^oi 571 4?-is isoib 5101 

^5°i £455*1. 

5=?5 20 

^flT 1 !^ chi o| bh Hfit^H 45£|71| £d£l£^ 4?l t 45^h 57| ^?|oj| cr}e} 

AH ^fl^M XM^^. 0| 57| £5^=^011 LHoH £5 *| £| m 45^M 45^ 

^eH£! CH| 0| eh n fl#tiH ^gspll 45 °1 ; 57| 45fl¥ ^14^1011 

°-imoi 57| 45fi z r i ee XHHHgoU= 0| ahhh^^i 57| 45S^0|| CHoH 45^2-11 55<nb 4BM ^ 

1115 5ie i x J2^ £455*i. 
§¥5 21 

AHI2050II Si CH^H , 57| 2| 1§4B0|. P|0| EH ifi^ 1CHAIZIM 01^^01 57| 4?HM 51 0| 

5=?5 22 

AH| 20^011 £101 Al . 57| ^ 354&0|, CH| 0| EH Hfi^aWAH^ 7|5§ 0|gofOl 57 1 4?H Igo^ 
5101 ^5°J £455*1. 

5^5 23 

^4°H ^e^oilAH CHI o| eh 1 £do|L 5*1011 £i CH-AH : ^CH£! ^°H £5fi¥°l ZJ^tl I4DHXI ^m°] J \ 
55 ZJ^£^ H|n6^ 45^; 57| 4015 ^°| 57| £5^=?°] ZJ ^^^h 57| UOH X| 
A 1 £5fi^°l ^J^t^cf q ^enH 57 1 ^CH5 £5s^oil cngm= chioiehm £55 ; ^\-\~ ^ 
HI5 51 M ^5°^ »K ( II C)| I I £5 5*1- 

5^5 24 

-Ojxi ^o^ ¥Ei ^oj oiojoj ^o|| G|| o| E| S £5^b 5x1011 21Q1A]; £5f?S 5^ 21 

2, ^CH^j ^°^¥EH *±9\ c\E ^^J^J ^011 CHIOIEHM ^d^U, CH|0|EH1 ^dsp| £d 

S=PS t ^1 ^1 ^" ^AI^EH^Qh^; Ah^| ^AJ^^l^ CHI 0| EH 1 ^^\^ T^'T'liZ ^ 

7| ^^I^P UHi^^ ^^o^ ^^1 ^7| ^Oj^l ^o| ^7| ^^S^oj A|7|M, ^7| Lf{= ^ 

^^IS?°H A|7|^ HlUmb HIH^B °!; ^A|a ^7| ^^^^7^ ^7| l-IH ^^°H ^7| 

^1 ^dfi^r 1 01^011 ^^£H0^ ^7| ^dfi^r 1 ^ C||0|E|e ^o[^ 491 
?H|oh >ie ¥J2^ CH| 0| EH ^AJ^xl. 

^=Pl, h 25 

A||24S0|| oiQlAH. 51^ £12, CH| 0| EH 1 ^d|^7| ?|El ^dfi^l t^o|L ^^1 4 

M ; A h7 | -A|fi=p^^ ^^^1 EH| 0| EH^h IQ^EH ^g^Tll Xie|£|£^ 4?| ^ ^7| ^ Hf1 g 

4E^M 571 HHg 4^011 2J^H HHi^i 571 ^^Mfl^ee xHdl^^ 4 EH ^H|oh ^5°^ 

PI 0| EH £Al5x-|. 

26 

CH|^?H3^^H =P5^l ^4^J ^^ai^aICHI 2101 AH; 57 1 £4£J5x| 2|2|0| ; 57| ^^2J ^ t ^J^x|01| ^ 
e^leJ ^AHA|7|1 ^5 ^ ^£|o[7| ?|^ E|0|DH4E^h 0|£j2j Q|| 0| EH ^4>J5^0|| 2H oK>1 , (||0|C| ^ 
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TIMELY PROCESSING OF TRANSMISSION 
AND RECEPTION REQUESTS IN A 
MULTI-NODE COMMUNICATION 
NETWORK 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a data transmission 
method and apparatus. 

2. Description of the Related Art 

As the power of local processors increases, local area 
network (LAN) technology has been utilized to interconnect 
such processors in extremely powerful networks. LANs 
have been employed to pass information within an office or 
to control automated factories. 

When data must be supplied in a timely manner, a token 
passing scheme has commonly been employed within the 
LAN. In this scheme, each transmission control station 
acquires a transmission right within a predictable predeter- 
mined period of time to be allowed to perform data trans- 
mission. 

The token passing LAN has commonly been implemented 
either as a bus type LAN defined by ISO 88024 or IEEE 
802.4 standard or a ring type LAN defined by ISO 9314 or 
ANSI X3T9.5 standard. 

In the token passing scheme, a frame called a token is 
transmitted/received among nodes so that a transmission 
right is sequentially transferred to the respective nodes. That 
is, a plurality of nodes do not acquire the transmission right 
at the same time. Upon receiving the token, a given node 
transmits data within a preset period of time. Therefore, each 
node can calculate the maximum time it will have to wait 
until its station can transmit data on the basis of the total 
number of nodes and a preset wait time of each node. Every 
node can transmit data without fail according to a transmis- 
sion sequence. As a result, deterministic media access con- 
trol can be performed. 

Each node stores the address of a succeeding node (suc- 
ceeding station) to which its station is to transfer the token, 
and the address of a preceding node (preceding station) from 
which the token has been transferred to its station. The token 
is sequentially transferred to the respective nodes as if the 
nodes were connected to each other, thus forming a logical 
ring. Therefore, in the token passing scheme, various types 
of LAN configurations such as bus, ring and star network 
configurations can be employed. 

Furthermore, the token passing scheme has a priority 
processing function of assigning data (to be transmitted) to 
normally four types of access classes according to their 
transmission priorities, designated access classes 6, 4, 2, and 
0. Access class 6 has the highest priority, and the priorities 
of access classes 4, 2, and 0 decrease in this order. Data 
waiting for transmission can be classified into four types of 
queues. Transmission of access class 6 data can be per- 
formed at any time within a token holding time defined by 
the token passing protocol. That is, class 6 data can be 
transmitted any time a node has the token. Transmission of 
access classes 4, 2, and 0 data can be performed during a 
time interval between the instant at which a token is received 
and the instant at which the target token rotation timer of 
each access class has elapsed. When the token is received by 
each class within a node, the target token rotation timer for 
that class begins measuring the length of time until the token 
returns. The target token rotation timer elapses when a 
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maximum period of time has passed for the token to make 
a complete circuit of the ring. That is, each target token 
rotation time value is determined on the basis of the time it 
takes for the token to rotate through the logical ring. 

More specifically, when a given node receives the token, 
a queue with access class 6 is serviced and corresponding 
data is transmitted. If no data needs to be transmitted or all 
class 6 data has been transmitted and the token holding time 
has not expired, the token is transferred to a lower access 
class within the node. At lower access classes 4, 2, or 0, if 
the token returns within the target token rotation time for 
that class, data with a corresponding access class can be 
transmitted until the corresponding target token rotation 
time elapses. If the token returns after the target token 
rotation time has elapsed, data with a corresponding access 
class cannot be transmitted even if the token is received. 

In this case, the token is transferred to a lower access class 
or a succeeding node. More specifically, each access class 
operates like a virtual sub- station in each node. After the 
token is passed among all the access classes in each node, 
from the access class having the highest priority to the 
access class having the lowest priority, it is transferred to a 
succeeding station. 

An algorithm for servicing access classes is performed 
using the token holding timer for the node, a temporary 
token holding timer which is used by each class and the 
target token rotation timer for each class. More specifically, 
when the token passes to an access class within a node, any 
time remaining in the target token rotation timer for that 
class is transferred to the temporary token holding timer. 
Then, the target token rotation timer for that class is reset. 
Data from that class can then be transmitted until the time in 
the temporary token holding timer expires (or until the token 
holding timer for the node expires). In this case, transmis- 
sion from a given class influences the next token rotation 
time of that class. If time remains in the temporary token 
holding timer, data can be transmitted for that class until the 
temporary token holding timer causes time out or all data for 
that class has been transmitted. If the temporary token 
holding timer causes time out or all data for that class has 
been transmitted, a service of the next access class is started 
when a service of an access class of the lowest level is 
completed, the token is transferred to the succeeding node. 

In the token passing scheme defined by the ISO 88024 
(IEEE 802.4) standard or the ISO 9314 (ANSI X3T9.5 
FDDI) standard, each transmission control station measures 
a token rotation time by using an internal timer, and deter- 
mines a busy state of a transmission path by comparing the 
measured time with a preset predictive time. If it is deter- 
mined that the transmission path is not busy, data frames are 
transmitted in accordance with priorities of each transmis- 
sion control station. 

In transmission/reception processing at transmission 
apparatuses on the token passing LAN, data waiting for 
transmission are arranged in a transmission queue in an 
order in which transmission requests are received, and are 
sequentially processed for transmission in the same order. 
The data are then rearranged in the transmission queue in 
accordance with access classes and are sent to the transmis- 
sion path by the above-described media access control in 
order. 

When the data are to be received and processed, the data 
are arranged into a reception queue in an order in which they 
are received, and are processed in order. 

In this case, the transmission/reception processing 
includes conversion/inverse-conversion between the format 
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of data received from, e.g., a host unit and a common format 
of a transmission system. Examples of such conversions 
include addition and deletion processing of control infor- 
mation and identification information required to constitute 
a data frame and control a transmission sequence, as well as 5 
error information for guaranteeing accurate transmission, 
start and end processing of a monitor sequence for moni- 
toring a transmission sequence, buffer ensuring and releas- 
ing processing for transmission/reception data frames, 
sequence start and end processing for ensuring, maintaining 10 
and canceling logical connection with a station at the 
transmitting/receiving end, and the like. 

Note that transmission processing and reception process- 
ing are not preferentially performed according to the order 
in which data is needed at another location on the LAN. If, 15 
therefore, a large number of transmission requests having 
low urgencies are generated, data having high priorities 
cannot always be transmitted within the periods of time in 
which the data is needed. 

20 

Furthermore, in the above token passing scheme, media 
access control is distributed in all transmission control 
stations. Each transmission station deterrnines for itself 
whether the transmission path is busy. If it is not busy, data 
frames are transmitted according to their priorities among 
the other data frames to be transmitted at each transmission 25 
control station. In other words, each transmission control 
station transmits data according to priority levels within that 
station, without knowing how the timing in which data of a 
given transmission request is needed compares to the timing 
in which data of other transmission requests is needed 30 
elsewhere in the system. 

Therefore, even data having a high urgency in the overall 
system may be transmitted after other data having lower 
priorities. 35 



SUMMARY OF THE INVENTION 

The present invention has been made in consideration of 
the above situation, and has as its object to provide a data 40 
transmission method and apparatus which preferentially 
performs transmission/reception processing with respect to 
transmission/reception requests within each node for data 
needed soonest, and can preferentially transmit data needed 
most soon as compared to other data to be transmitted over 45 
the entire system. 

In order to achieve the above object, in the present 
invention, the order is determined in which data associated 
with transmission/reception requests must be processed so 5Q 
as to be available when needed. Then, the transmission/ 
reception requests are rearranged in that order. Transmis- 
sion/reception processing is performed on the transmission/ 
reception requests in the rearranged order. 

When determining the order of the requests, the order in 55 
which data of transmission requests must be sent so as to be 
received when needed may be taken into consideration. 
When the order is being determined, either the absolute time 
at which data is needed or the period until data is needed 
may be utilized to determine the order. 60 

Not only may the present invention be employed at a 
station level, but it may also be employed on a system level. 
That is, the urgency of a transmission request at a given 
station may be compared with the urgency of transmission 
requests at other stations. Then, data is transmitted corre- 65 
sponding to the transmission request of the given station 
when the urgency of the transmission request of the given 
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station is higher than the urgency of the transmission request 
at the remaining stations. 

Of course, the present invention may be practiced at both 
the station level and the network level at the same time. 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the description, or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particularly pointed out in the 
appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in 
and constitute a part of the specification, illustrate presently 
preferred embodiments of the invention, and together with 
the general description given above and the detailed descrip- 
tion of the preferred embodiments given below, serve to 
explain the principles of the invention, in which: 

FIG. 1 is a block diagram showing a system arrangement 
for explaining the basic concept of the present invention; 

FIG. 2 is a view for explaining the basic concept of a 
transmission stack according to the present invention; 

FIG. 3 is a view for explaining procedures for rearranging 
a transmission queue according to urgencies in transmission 
processing according to the present invention; 

FIG. 4 is a view for explaining determination processing 
of urgencies in transmission according to the present inven- 
tion; 

FIG. 5 is a view for explaining procedures for rearranging 
a reception queue according to urgencies in reception pro- 
cessing according to the present invention; 

FIGS. 6 A and 6B are flow charts for explaining the basic 
concept of the present invention; 

FIG. 7 is a block diagram showing an arrangement of a 
data transmission system according to the present invention; 

FIG. 8 is a block diagram showing a transmission appa- 
ratus constituting a data transmission system according to 
the first embodiment of the present invention; 

FIG. 9 is a view showing a buffer for storing transmission 
data DTl(j) in the first embodiment; 

FIG. 10 is a view showing a control block CBl(j) in the 
first embodiment; 

FIG. 11 is a view showing a data frame Dl(j) in the first 
embodiment; 

FIG. 12 is a view showing a transmission frame control 
block TCBl(j) in the first embodiment; 

FIG. 13 is a view showing a transmission queue SI in the 
first embodiment; 

FIG. 14 is a view showing a transmission queue control 
word in the first embodiment; 

FIG. 15 is a view showing a transmission/reception pro- 
cessing time table in the first embodiment; 

FIG. 16 is a view showing a reception frame control block 
RCB1 in the first embodiment; 

FIG. 17 is a view showing a reception queue Rl in the first 
embodiment; 

FIG. 18 is a view showing a reception queue control word 
in the first embodiment; 

FIG. 19 is a flow chart showing transmission request 
interrupt processing in the first embodiment; 
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FIG. 20 is a flow chart showing processing upon comple- 
tion of transmission processing in the first embodiment; 

FIG. 21 is a flow chart showing data frame transmission 
start interrupt signal processing in the first embodiment; 

FIG. 22 is a flow chart showing data frame transmission 
completion interrupt signal processing in the first embodi- 
ment; 

FIG. 23 is a flow chart showing data frame normal 
reception completion interrupt signal processing in the first 
embodiment; 

FIG. 24 is a flow chart showing processing upon comple- 
tion reception processing in the first embodiment; 

FIG. 25 is a flow chart showing completion verification 
frame reception processing in the first embodiment; 

FIG. 26 is a view showing a buffer for a transmission data 
DTl(j) in the second embodiment of the present invention; 

FIG. 27 is a view showing a control block CBl(j) in the 
second embodiment; 

FIG. 28 is a view showing a data frame Dl(j) in the 
second embodiment; 

FIG. 29 is a view showing a transmission frame control 
block TCB1Q) in the second embodiment; 

FIG. 30 is a view showing a transmission request R1Q) in 
the second embodiment; 

FIG. 31 is a view showing a transmission queue SI in the 
second embodiment; 

FIG. 32 is a view showing an identifier A2 control block 
CB2 in the second embodiment; 

FIG. 33 is a view showing an identifier A2 information 
area buffer in the second embodiment; 

FIG. 34 is a view showing a media access request frame 
Fl in the second embodiment; 

FIG. 35 is a view showing a transmission frame control 
block TCB2 in the second embodiment; 

FIG. 36 is a view showing a media access request R2(j) 
in the second embodiment; 

FIG. 37 is a view showing a transmission queue S2 in the 
second embodiment; 

FIG. 38 is a flow chart showing processing to be per- 
formed when a transmission request is received from a host 
unit in the second embodiment; 

FIG. 39 is a flow chart showing processing to be per- 
formed when the media access request frame Fl is received 
in the second embodiment; and 

FIG. 40 is a flow chart showing processing to be per- 
formed when a token frame is received in the second 
embodiment. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The basic concept of the present invention will be 
described below with reference to FIGS. 1 to 6 prior to a 
description of embodiments. 

FIG. 1 shows the schematic arrangement of a system. A 
transmission stack As and a reception stack Ar are connected 
to an application process A. The transmission stack As and 
the reception stack Ar are connected to a common transmis- 
sion path through a common transmission path control 
section Am. Similarly, a transmission stack Bs and a recep- 
tion stack Br are connected to an application process B. The 
transmission stack Bs and the reception stack Br are con- 
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nected to the common transmission path through a common 
transmission path control section Bm. 

As shown in FIG. 2, when the application process A 
generates a request to transmit predetermined data to the 
application process B at time TO, a margin time TdsO is 
determined on the basis of the difference between time TO 
and the current timing. This request is transmitted to the 
transmission stack As to be added to a transmission queue 
already formed. In this case, if the current timing is time Tl, 
a margin time Tdsl is determined on the basis of the 
difference between time TO and time Tl. In the transmission 
stack As, it is determined that the urgency of a transmission 
request having a short margin time is higher than that of a 
transmission request having a long margin time, and the 
transmission queue is arranged in an order of shorter margin 
times. 

Assume that transmission requests are ordered according 
to margin times of 5, 7, 8, 10, 12, and 13 to constitute a 
transmission queue. In this case, if a transmission request 
having a margin time of 6 is sent to the transmission stack 
As, the queue is rearranged in an order of margin times of 
5, 6, 7, 8, 10, and 12. See FIG. 3. 

As described above, in transmission processing, a trans- 
mission queue is not arranged in the order in which trans- 
mission requests are received but is arranged in the order in 
which data must be sent so that the data needed the soonest 
is received first. 

If the time required for one rotation of a token is 2, the 
margin times change to 3, 4, 5, 6, 8, and 10 after one rotation 
of the token. 

When the token rotates around the ring once and is 
received again by a given station, a transmission request of 
the station is compared with transmission requests of 
remaining stations. Transmission queues of nodes Nl, N2, 
N3, and N4 are stored in a common memory, as shown in 
FIG. 4. In this case, the urgency of each of the start 
transmission requests of the nodes Nl, N2, N3, and N4 is 
compared with that of the start transmission request of the 
given station. That is, each of minimum margin times of 4, 
10, 6, and 7 is compared with a margin time of 3. In this case, 
since the transmission request of the given station has the 
highest urgency, a data frame of the given station is trans- 
mitted. 

If the urgency of the transmission request of the given 
station is lower, i.e., the margin time is longer, the received 
token is passed to the succeeding node, and it is determined 
whether the urgency of a transmission request of the station 
in the node to which the token has been passed is high. If the 
transmission request has the highest urgency, a data frame of 
the corresponding station is transmitted. 

The given station does not transmit until the urgency of its 
transmission request becomes higher than that of each of the 
transmission requests of the remaining stations. In this case, 
while the token is rotated, the given station waits until the 
urgency of its transmission request becomes the highest. 
When the urgency of the transmission request of the given 
station becomes higher than that of each of the transmission 
requests of the remaining stations, a data frame correspond- 
ing to the transmission request of the given station is 
transmitted. 

As described above, in transmission processing, it is 
determined whether the urgency of a transmission request of 
the given station is high in the overall system. If it is 
determined that the urgency is high in the overall system, 
data of the given station is transmitted. 

In reception processing, the same operation as in trans- 
mission processing is performed. More specifically r assume 
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that the reception queue shown in FIG. 5 is arranged. Each 
number indicates a margin time corresponding to an 
urgency. In this case, when new data having a margin time 
of 2 is received, the reception queue is rearranged. Since the 
data having a margin time of 2 has the highest urgency, it is 5 
arranged at the start position of the reception queue to be 
serviced first. The data is then preferentially sent to the 
application process B. 

In a manner similar to transmission processing, data in 
reception processing are not processed in the order in which 10 
they are received but are processed in the order of urgency. 

In the above description, margin times correspond to the 
order in which data is sent so that the data needed soonest 
is received first. However, the present invention is not 
limited to this. For example, the order in which data is sent 15 
can more simply correspond to the timings (request timings) 
at which data are to be sent to the application process B. 

The concept of the present invention will be described in 
more detail below with reference to the flow diagram shown 
in FIGS. 6A and 6B. 2 o 

If the application process A generates a transmission 
request having a margin time (deadline) TdsO with respect to 
the application process B, the transmission stack As rear- 
ranges the transmission queue on the basis of the margin 
time TdsO, and performs transmission processing of a trans- 25 
mission request having the highest urgency first. This rear- 
rangement processing is performed on the basis of predictive 
times calculated from past actual time values. 

The transmission stack As subtracts the time taken to 
perform the transmission processing from the margin time 30 
TdsO to set a new margin time Tdsl. In this case, the overall 
transmission requests of the system are rearranged on the 
basis of the margin time Tdsl in the order of urgencies. This 
rearrangement processing is executed in consideration of 
transmission requests of the respective stations, which vary 35 
as network common information with time with the rear- 
rangement processing, a transmission right is assigned to a 
transmission request having the highest urgency at the 
current timing point from the viewpoint of the overall 
system. In this case, a margin time Tds2 is a time obtained 40 
by subtracting the time taken to perform the rearrangement 
processing and the time required to receive the token from 
the margin time Tdsl. The margin time Tds2 varies with 
time. 

Subsequently, the transmission of frames including data 45 
having high urgencies is started within the time determined 
by media access control (MAC) of Timed-Token Pass. The 
frames are respectively transmitted to designated nodes. At 
the same time, a frame for updating the common information 
of the overall system including the given station, i.e., the 50 
overall network, is transmitted to each station. 

The data transmitted to the common transmission path 
control section Bm is queued to the reception queue and its 
urgency is determined on the basis of a margin time Tds3 in 55 
consideration of the time required for reception processing 
in the reception stack Br. The reception queue is rearranged 
according to the determined urgency, and data having the 
highest urgency is subjected to reception processing first. 
The margin time Tds3 is a time obtained by subtracting the ^ 
transmission time from the margin time Tds2. 

The data preferentially subjected to reception processing 
is supplied to the application process B to be received/ 
displayed. 

As described above, according to the present invention, 65 
data to be preferentially subjected to transmission/reception 
processing are determined on the basis of their margin times, 
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and data which are determined to have high urgencies in the 
overall system are preferentially transmitted. Therefore, the 
system can be efficiently used, and data having high urgen- 
cies can be preferentially transmitted. 

A data transmission method and apparatus according to 
the first embodiment of the present invention will be 
described below with reference to the accompanying draw- 
ings. In the first embodiment, the urgencies of transmission/ 
reception processing of a plurality of data in each transmis- 
sion apparatus are determined on the basis of margin times 
obtained from the request timings at which the data are 
required, the predictive times required to perform data 
transmission/reception and data transfer, and the current 
timing. Data having high urgencies are preferentially sub- 
jected to transmission reception processing. 

As a transmission system configuration to which the 
present invention is applied, a ring network configuration is 
employed. In this configuration, transmission apparatuses 
are connected to each other through a common transmission 
path, as shown in FIG. 7. It is, however, clear that network 
configurations other than the configuration shown in FIG. 7, 
e.g., bus and star network configurations, can be employed. 
Referring to FIG. 7, reference symbol STN indicates a 
transmission apparatus. 

As shown in FIG. 8, each transmission apparatus com- 
prises a transmission/reception circuit (XCVR) 10 con- 
nected to a common transmission path. A token passing 
transmission controller (CKT1) 12 performs token passing 
system media access control. A transmission/reception 
buffer RAM memory (BRAM) 14 stores transmission/re- 
ception frame data. The transmission/reception control 
RAM common memory (CM1) 16 stores control data 
required for transmission/reception control and processing 
and media access control. A host request interface circuit 
(HIF) 18 interfaces transmission requests from host units 
connected thereto. Timers (CLK and CLK1) 20 and 22 in 
each transmission apparatus perform a common time mea- 
suring operation. A control microprocessor (MPU) 24 per- 
forms transmission/reception processing and transmission 
reception control of the token passing transmission control- 
ler 12. A ROM program memory (MROM) 26 stores pro- 
cessing programs for the control microprocessor 24. A MPU 
RAM memory (MRAM) 28 stores data required for pro- 
cessing. A token rotation timer residual value register 
(RTRT1) 30 holds a target token rotation timer residual 
value at the time of the reception of the token and allows it 
to be read out. 

Reference symbol SIGO denotes a token frame normal 
reception completion interrupt signal; SIG1, a transmission 
queue update inhibiting signal; SIG2, a data frame normal 
reception completion interrupt signal; SIG3, a transmission 
request interrupt signal; SIG4, a count clock interrupt signal; 
SIG5, a data frame transmission completion interrupt signal; 
and SIG6, a data frame transmission start interrupt signal. 

In order to allow the control microprocessor 24 to perform 
transmission/reception priority processing, data tables or 
structures for control, formed in the transmission/reception 
control RAM common memory 16, the transmission/recep- 
tion buffer RAM memory 14, or the MPU RAM memory 28, 
are designed as follows. 

A data transmission request to each transmission appara- 
tus is constituted by data DTl(j) to be transmitted, which is 
shown in FIG. 9, and a control block CBl(j) in FIG. 10. The 
data DTl(j) and the Control block CB1Q) are stored in the 
transmission reception buffer RAM memory 14. The control 
block CBl(j) includes information required for transmission 
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control corresponding to the data DATIQ), e.g., a destination 
address and a control command. Note that in the control 
block CBl(j), information required to execute the control 
scheme of the present invention is added to a control area 
CNTl(j) and an elapsed time information area TTMIQ), as 5 
needed. In addition, the transmission data DTl(j) is stored in 
one or more chained transmission buffers 14. 

The control block CBl(j) includes a request timing value 
T0(j) at which the data DTl(j) is required for an application 
process of another station, and a margin time value Tds(j) to 10 
be written on the basis of a priority determined according to 
transmission processing. 

FIG. 11 shows an arrangement of the data frame Dl(j). 
The data frame Dl(j) is stored in the transmission/reception 
buffer RAM memory 14. Although the arrangement of data 15 
frame Dl(j) constituted by the control block CBl(j) and the 
transmission data DTl(j) is not specifically limited, its 
information portion includes the request timing T0(j). 

FIG. 12 shows a frame control code, header information 
such as destination and source addresses, which are included 20 
in the data frame Dl(j), and a transmission frame control 
block TCBl(j) indicating a location in which the informa- 
tion portion is stored. The data included in the transmission 
frame control block TDBl(j) is required to form the data 
frame Dl(j). When a plurality of data frames Dl(j) are to be 25 
transmitted, transmission frame control blocks TCBl(j) cor- 
responding to the plurality of data frames Dl(j) are chained 
to each other by designating transmission chain control areas 
included in the transmission frame control blocks TCBl(j). 
The transmission frame control block TCBl(j) chain is then 30 
linked to the transmission queue of the token passing 
transmission controller 12. Thereafter, the plurality of data 
frames Dl(j) are sent to the transmission path. The trans- 
mission frame control blocks TCBl(j) are stored in the 
transmission/reception control RAM common memory 16. 35 

The transmission frame control blocks TCBl(j) corre- 
sponding to the data frames Dl(j) are included in the control 
blocks CBl(j) and are arranged in the order of the shorter 
margin times Tds(j) indicating urgencies so as to be formed 
into a transmission queue SI. FIG. 13 shows an arrangement 
of the transmission queue SI. This transmission queue is 
stored in the transmission reception buffer RAM memory 
14. FIG. 14 shows the arrangement of a transmission queue 
control word used by the token passing transmission con- 
troller 12. The transmission queue control word is stored in 45 
the transmission/reception control RAM common memory 
16. 

FIG. 15 shows an arrangement of a transmission reception 
processing time table in which transmission processing 5Q 
times Tx, transfer times Txf, and the maximum and mini- 
mum values of reception processing times Tr of the respec- 
tive transmission apparatuses are listed according to the 
addresses of the transmission apparatuses as indexes. This 
table is stored in the MPU RAM memory 28. 55 

FIG. 16 shows an arrangement of a reception frame 
control block RCB1 indicating the location of a data frame 
received by the token passing transmission controller 12 and 
set in the transmission/reception buffer RAM memory 14 
through the transmission path. The reception frame control go 
block RCB1 is stored in the transmission/reception buffer 
RAM memory 14. 

When a plurality of data frames Dl are received, recep- 
tion chain control areas included in the reception control 
blocks RCB1 corresponding to the respective data frames 65 
Dl are designated to chain the reception control blocks 
RCB1. The reception control block RCB1 chain is then 
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linked to the reception queue of the token passing transmis- 
sion controller 12. In chaining of the reception control 
blocks RCB1 linked to the reception queue, priority deter- 
mination based on margin times is performed by reception 
interrupt acceptance processing by the microprocessor 24 
which has accepted the data frame normal reception comple- 
tion interrupt signal SIG2, and the resultant chain is linked 
to the reception queue Rl. 

FIG. 17 shows an arrangement of the reception queue Rl. 
FIG. 18 shows an arrangement of a reception queue control 
word. The reception queue Rl is stored in the transmission/ 
reception buffer RAM memory 14. The reception queue 
control word is stored in the transmission/reception control 
RAM common memory 16. 

These data tables and frame arrangements are equally 
applied to completion verification frames. 

Priority processing in transmission/reception is performed 
by using the above-described data tables. An operation of the 
data transmission apparatus of the present invention will be 
described next with reference to a flow chart. This priority 
processing is executed by the control microprocessor 24. 

FIG. 19 shows the flow chart of transmission request 
interrupt processing. When a host unit connected to the 
transmission apparatus generates a transmission request (j) 
to transmit a data frame, the transmission data DTl(j) shown 
in FIG. 9 and the control block CBl(j) shown in FIG. 10 are 
written in the transmission/reception buffer RAM memory 
14 through the host request interface circuit 18. In addition, 
the transmission request interrupt signal SIG3 is supplied to 
the control microprocessor 24. 

In step 11, the control microprocessor 24, which has 
received the transmission request interrupt signal SIG3, 
reads out the current timing from the timer 22 and stores it, 
as a request acceptance timing Tl(j), in the elapsed time 
information area of the control block CBl(j). 

In step 12, the control microprocessor 24 forms the 
transmission frame control block TCBl(j) from the control 
block CBl(j) and the transmission data DTl(j). 

In step 13, the control microprocessor 24 reads out a 
destination transmission apparatus address (k) written in the 
control block CBl(j). The control microprocessor 24 reads 
out a minimum value Tr(k)min of the reception processing 
time of the destination transmission apparatus and a maxi- 
mum value Txf(K)max of the transmission time required for 
transmission to the destination transmission apparatus from 
the transmission/reception processing time table shown in 
FIG. 15 by using the readout address value as an index, and 
obtains a sum Ti(k) of the readout data. 

In step 14, the control microprocessor 24 reads out a 
request timing T0(j) written in the control block CBl(j), 
obtains the difference between the readout data and the sum 
Tl(k), and stores it in the margin time area of the control 
block CB1Q). 

In step 15, the control microprocessor 24 checks whether 
any transmission requests are already linked to the trans- 
mission queue SI shown in FIG. 13. If the determination in 
step 15 is NO, it means that the new transmission request 
being processed will be the only transmission request in 
transmission queue SI. Therefore, the flow advances to step 
24 to link the transmission frame control block TCBl(j) to 
be the only transmission frame control block in the trans- 
mission queue SI, thus starting the transmission processing 
program. 

If the determination in step 15 is YES, then other trans- 
mission frame control blocks are already in transmission 
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queue SI, and it is necessary to insert the new transmission 
frame control block in the right order. Therefore, the flow 
advances to step 16. In step 16, the control microprocessor 
24 sequentially checks the transmission frame control blocks 
TCB1 linked, as a chain to the transmission queue SI. More 
specifically, the control microprocessor 24 reads out a 
request timing T0(i) of each transmission frame control 
block TCBl(i). In addition, the control microprocessor 24 
reads out the destination transmission apparatus, and reads 
out a minimum value Trmin of the reception processing time 
and a maximum value Txfmax of the transmission time from 
the transmission/reception processing time table by using 
the address value. The control microprocessor 24 obtains a 
sum Ti of the readout data, and calculates the difference 
between the request timing T0(i) and the sum Ti to obtain a 
margin time Tds(i). 

In step 17, the control microprocessor 24 compares the 
already obtained margin time Tds(j) associated with the 
transmission/reception (j) and the margin time Tds(i) of a 
linked transmission request (i) to check whether the margin 
time Tds(j) is shorter (urgency is higher). 

If the determination in step 17 is YES, the flow advances 
to step 18. In step 18, the control microprocessor 24 sepa- 
rates the transmission frame control block TCBl(i) from the 
transmission queue SI, and chains the transmission frame 
control block TCB1Q) to a position before the transmission 
frame control block TCBl(i). 

In step 22, the control microprocessor 24 checks whether 
the transmission frame control block TCBl(j) is located at 
the start position of the transmission queue SI. If the 
determination step 22 is YES, the flow advances to step 23 
to interrupt transmission processing corresponding to the 
transmission frame control block TCB1 and switch to trans- 
mission processing corresponding to the transmission frame 
control block TCBl(j). 

If the determination in step 22 is NO, the control micro- 
processor 24 continues the transmission processing cur- 
rently performed. 

If it is determined in step 17 that the margin time Tds(j) 
is longer, the flow advances to step 20, and the control 
microprocessor 24 checks whether the transmission frame 
control block TCBl(i) is located at the end position of the 
transmission queue SI. If the determination in step 20 is 
YES, the flow advances to step 21 to chain the transmission 
frame control block TCBl(j) behind the transmission frame 
control block TCBl(i) and increment the total number of 
transmission frame control blocks linked to the transmission 
queue SI by one. 

If the determination in step 20 is NO, the flow advances 
to step 19. In step 19, the control microprocessor 24 checks 
a margin time associated with a transmission frame control 
block TCBl{i+l) chained next by using the chain control 
information of the transmission frame control block 
TCBl(i). The flow then returns to step 16. In step 16, the 
control microprocessor 24 executes the subsequent process- 
ing in accordance with the above-described flow chart. 

If it is determined that the margin time Tds(j) associated 
with the transmission request (j) is equal to the margin time 
Tds(i) of the linked transmission request (i), the control 
microprocessor 24 rearranges the transmission queue SI 
such that transmission processing is preferentially per- 
formed with respect to a transmission frame control block 
having a control block CB1 holding an earlier request 
acceptance timing TI in its elapsed time information area. 

Processing upon completion of transmission processing 
will be described below with reference to FIG. 20. This 
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processing is also executed by the control microprocessor 
24. In the processing, when transmission processing is 
completed, i.e., the data frame associated with transmission 
frame control block TCBl(i) has been sent, the transmission 
frame control block TCBl(j) is removed from the transmis- 
sion queue SI. That is, the TCBl pointer value indicating the 
start transmission frame control block of the transmission 
queue SI is updated to a TCB1 pointer value indicating a 
transmission frame control block TCBl(k) chained next. 

It is then necessary to confirm that TCBl(k) remains the 
next most urgent data to be sent. To accomplish this the 
current margin time for TCBl(k) is compared to the margin 
times for the other frame control blocks in transmission 
queue SI. 

In step 31, the control microprocessor 24 reads out a 
request timing T0(n), a corresponding transfer time Txf(n), 
and a reception time Tr(n) from a transmission frame control 
block TCBl(n) linked to the transmission queue of the 
transmission controller 12 so as to obtain a current margin 
time Tds(n). 

In step 32, the control microprocessor 24 compares the 
margin time Tds(n) with the margin time Tds(j) of the 
transmission frame control block TCBl(j) to check whether 
the margin time Tds(j) is shorter (urgency is higher). If the 
determination in step 32 is YES, the flow advances to step 
33 to separate the transmission frame control block TCBl(n) 
from the transmission queue and chain the transmission 
frame control block TCBl(j) before the transmission frame 
control block TCBl(n). Note that if the transmission queue 
update inhibiting signal SIG1 is issued, and transmission 
completion display (TSTATUS) data for the transmission 
frame control block TCBl chained immediately before the 
transmission frame control block TCBl(n) is being trans- 
mitted, the transmission frame control block TCBl(j) is 
chained to the transmission frame control block TCBl(n) to 
rearrange the transmission queue. 

The flow then advances to step 37. In step 37, the control 
microprocessor 24 removes the transmission frame control 
block TCBIQ) from the transmission queue SI and updates 
the TCBl pointer value indicating the start position of the 
transmission queue. 

In step S38, the control microprocessor 24 causes the flow 
to return to the first step in transmission processing. 

If it is determined in step 32 that the margin time Tds(j) 
is longer, the flow advances to step 34. In step 34, the control 
microprocessor 24 reads out a transmission frame control 
block TCBl(n+l) chained next by using the control infor- 
mation of the transmission frame control block TCBl(n). 

The flow then advances to step 35, in which the control 
microprocessor 24 checks whether the transmission frame 
control block TCBl(n+l) is located at the end position of the 
transmission queue. If the determination in step 35 is YES, 
the flow advances to step 36 to chain the transmission frame 
control block TCBl(j) to the transmission frame control 
block TCBl(n+l). Note that if the transmission queue 
update inhibiting signal SIG1 is issued, and transmission 
completion display (TSTATUS) data for the transmission 
frame control block TCBl(n) is being transmitted, transmis- 
sion of the transmission frame control block TCBl(j) is 
delayed until the next token reception timing. 

If step 36 is completed, the flow advances to step 37. In 
step 37, the control microprocessor 24 performs the above- 
described processing. 

If the determination in step 35 is NO, the flow returns to 
step 31, and the control microprocessor 24 proceeds with the 
processing in accordance with the above-described flow 
chart. 
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Data frame transmission start interrupt signal processing 
will be described below with reference to FIG. 21. This flow 
chart shows a case wherein the token passing transmission 
controller 12 receives the token and starts to send a data 
frame corresponding to the transmission frame control block 
TCBl(j) linked to the transmission queue to the transmission 
path. This processing is also executed by the control micro- 
processor 24. 

In step 41, upon reception of the data frame transmission 
start interrupt signal SIG6 from the token passing transmis- 
sion controller 12, the control microprocessor 24 reads out 
a TCB1 storage pointer value from the transmission queue 
word shown in FIG. 14, and checks whether the transmis- 
sion completion display (TSTATUS) area data of the trans- 
mission frame control block TCBl(j) is being transmitted. 

In step 42, the control microprocessor 24 reads out a data 
frame transmission start timing T21(j) from the timer 22 and 
stores it in the elapsed time information area of the control 
block CBl(j) corresponding to the transmission frame con- 
trol block TCBl(j). 

In step 43, control microprocessor 24 reads out a request 
acceptance timing Tl(j) of the transmission frame control 
block TCBl(j), and calculates the difference between the 
readout data and the data frame transmission start timing 
T21(j) to obtain a transmission processing time Tx(j), thus 
updating the transmission/reception processing time table. 
In this case, the current value is compared with the maxi- 
mum or minimum value registered in the past. If the current 
value is larger than the maximum value, the maximum value 
is updated by the current value. When the current value is 
smaller than the minimum value, the minimum value is 
updated by the current value. 

Data frame transmission completion interrupt signal pro- 
cessing will be described next with reference to FIG. 22. 
This processing is also executed by the control micropro- 
cessor 24. 

In step 51, upon reception of the data frame transmission 
completion interrupt signal SIG5, the control microproces- 
sor 24 reads out a TCB1 storage pointer value from the 
transmission queue, and checks whether transmission of the 
transmission completion display (TSTATUS) area data of 
the transmission frame control block TCBl(j) is completed. 

In step 52, the control microprocessor 24 reads out the 
data frame transmission completion timing T2(j) from the 
timer 22 and stores it in the elapsed time information area of 
the control block CBl(j) corresponding to the transmission 
frame control block TCBl(j). 

In step 53, the control microprocessor 24 updates the 
TCB1 pointer value, of the transmission queue control word, 
indicating the start transmission frame control block to a 
TCB1 pointer value indicating a transmission frame control 
block chained next. 

Transmission processing has been described above. 
Reception processing will be described below. 

Data frame normal reception completion interrupt signal 
processing will be described below with reference to FIG. 
23. This processing is also executed by the Control micro- 
processor 24. 

In step 60, upon reception of the data frame normal 
reception completion interrupt signal SIG2, the control 
microprocessor 24 reads out a pointer value indicating a 
reception control block RCBl(j) from the reception queue 
and checks whether the reception frame stored in the trans- 
mission/reception buffer RAM memory 14 is a data frame. 
If it is not a data frame, the flow advances to step 72. In this 
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case, since the reception frame is a completion verification 
frame or a reception frame other than a data frame, the 
control microprocessor 24 starts a special reception process- 
ing program. 

5 If the reception frame is a data frame, the flow advances 
to step 61 in which the control microprocessor 24 reads out 
a reception acceptance T3(j) from the timer 22. 

In step 62, the control microprocessor 24 stores the 
reception acceptance timing T3(j) in the elapsed time infor- 

10 mation area of the reception control block RCBl(j). In 
addition, the control microprocessor 24 reads out a request 
timing T0(j) of the reception data frame, obtains the differ- 
ence between the request timing T0(j) and the reception 
acceptance timing T3(j), and stores it, as a margin time 

15 Tdr(j), in the margin time area of the reception control block 
RCBl(j). 

In step 63, the control microprocessor 24 checks whether 
a reception control block RCBl(j) is linked to the reception 
2Q queue Rl. If the determination in step 63 is NO, the flow 
advances to step 64. In step 64, the control microprocessor 
24 links the reception control block RCBIQ) to the reception 
queue Rl and starts to execute the reception processing 
program. 

25 If the determination in step 63 is YES, the flow advances 
to step 65. In step 65, the control microprocessor 24 com- 
pares a margin time Tdr(n) of a reception control block 
RCBl(n) linked to the reception queue Rl with the margin 
time Tdr(j) of the reception control block RCBIQ) to check 

30 whether the margin time Tdr(j) is shorter (urgency is higher). 
If the determination in step 65 is YES, the flow advances 
to step 66. In step 66, the control microprocessor 24 sepa- 
rates the reception control block RCBl(n) from the recep- 
tion queue Rl and chains the reception control block 

35 RCBl(j) before the reception control block RCBl(n). 

In step 70, the control microprocessor 24 checks whether 
the reception control block RCBl(j) is located at the start 
position of the reception queue Rl. If the determination in 
step 70 is NO, the control microprocessor 24 proceeds with 

40 the currently performed reception processing. 

If the determination in step 70 is YES, the flow advances 
to step 71. In step 71, the control microprocessor 24 inter- 
rupts reception processing corresponding to the currently 
processed reception control block RCB1, and switches to 

45 reception processing corresponding to the reception control 
block RCBl(j). 

If the determination in step 65 is NO, the flow advances 
to step 68. In step 68, the control microprocessor 24 checks 

50 whether the reception control block RCBl(n) is located at 
the end position of the reception queue Rl. If the determi- 
nation in step 68 is YES, the flow advances to step 69. In step 
69, the control microprocessor 24 chains the reception 
control block RCBl(j) next to the reception control block 

55 RCBl(n) and increments the total number of reception 
control blocks linked to the reception queue Rl by one. 

If the determination in step 68 is NO, the flow advances 
to step 67. In step 67, the control microprocessor 24 checks 
the margin time of a reception control block RCBl(n-t-i) 

60 chained next by using the chain information of the reception 
control block RCBl(n). Flow then returns to step 65 and the 
control microprocessor 24 executes the subsequent process- 
ing in accordance with the above-described flow chart. 
Note that if it is determined in step 63 that the margin time 

65 Tdr(j) is equal to the margin time Tdr(i), the reception queue 
Rl is rearranged such that reception processing is preferen- 
tially performed with respect to the reception control block 
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RCB1 having an earlier reception acceptance timing T3 held 
in the elapsed time information area. 

Reception completion processing will be described below 
with reference to FIG. 24. This processing is also executed 
by the control microprocessor 24. In step 81, the control 5 
microprocessor 24 reads out a reception completion timing 
T4(j) from the timer 22 and stores it in the elapsed time 
information area of the reception control block RCBl(j). 

The flow then advances to step 82. In step 82, the control 
microprocessor 24 reads out the reception acceptance timing 
T3(j) from the elapsed time information area, and calculates 
a reception processing time Tr(j) by obtaining the difference 
between the reception acceptance timing T3(j) and the 
reception completion timing T4(j). 

In step 83, the control microprocessor 24 reads out a 
destination address, an identifier for identifying a transmis- 
sion request, and the like from the data frame stored in the 
transmission/reception buffer RAM 14, and forms a control 
block CB1 for a completion verification frame, and trans- 2Q 
mission data DTI by using these readout data. The comple- 
tion verification frame includes normal completion informa- 
tion, completion state information indicating that an error 
was caused during processing, and the processing could not 
be normally completed, and time information including the 25 
reception acceptance timing T3(j) of the data frame and the 
reception processing time Tr(j) taken to complete normal 
processing. The control microprocessor 24 sends the 
completion verification frame to the transmission station. 
The reception data which has undergone reception process- 3Q 
ing is transmitted to the host unit connected to the trans- 
mission apparatus through the host request interface circuit 
18. 

In step 84, the control microprocessor 24 starts to execute 
the transmission request. 35 

The flow then advances to step 85, in which the control 
microprocessor 24 removes the reception control block 
RCBl(j) from the reception queue Rl. That is, the control 
microprocessor 24 updates the RCB1 pointer value indicat- 
ing the start reception control block of the reception queue 40 
Rl to an RCT1 pointer value indicating a reception control 
block chained next. 

In step 86, the control microprocessor 24 causes the flow 
to return to the first step of reception processing. 

In the source transmission apparatus, a plurality of trans- 
mission requests are generated, while the processing 
between steps 81 and 86 is performed, i.e., the apparatus 
waits for a completion verification frame from the destina- 
tion transmission apparatus, which corresponds to a com- 
pletely transmitted data frame. In this case, the control 50 
microprocessor 24 forms and transmits data frames in 
response to the transmission requests. In addition, the con- 
trol microprocessor 24 performs the above-described recep- 
tion processing in response to a reception request from 
another transmission apparatus. 

Reception processing of a completion verification frame 
will be described below with reference to FIG. 25. This 
processing is also executed by the control microprocessor 

In step 91, when the transmission/reception circuit 10 
receives a completion verification frame, the control micro- 
processor 24 finds the transmission frame control block 
TCBl(j) according to transmission identification informa- 
tion included in the reception frame. 65 

In step 92, the control microprocessor 24 reads out the 
transmission completion timing T2(j), obtained at the time 



45 



55 



of data frame transmission, from the elapsed time informa- 
tion area of the control block CBl(j) of the transmission 
frame control block TCBl(j) and further reads out the 
reception acceptance timing T3(j) included in the comple- 
tion verification frame. The control microprocessor 24 
obtains the difference between the readout data to calculate 
a transfer time Txf(j) required to transfer the data frame 
through the common transmission path, and holds it in the 
transmission reception processing table shown in FIG. 15. 

In this case, the control microprocessor 24 compares the 
current value of transfer time with the maximum and mini- 
mum values registered in the past. If the current value is 
larger than the maximum value, the maximum value is 
replaced with the current value. If the current value is 
smaller than the minimum value, the minimum value is 
replaced with the current value. 

In step 93, if the completion verification frame indicates 
a normal completion state, the control microprocessor 24 
reads out the reception processing time Tr(j) included in the 
completion verification frame and registers it in the trans- 
mission/reception processing time table according to the 
destination transmission apparatus address as an index. In 
this case, the control microprocessor 24 also compares the 
current value of reception processing time with the maxi- 
mum and minimum values registered in the past. If the 
current value is larger than the maximum value, the maxi- 
mum value is replaced with the current value. If the current 
value is smaller than the minimum value, the minimum 
value is replaced with the current value. 

The description of the data transmission method and 
apparatus according to the first embodiment is completed 
herein. 

Note that in the transmission request interrupt processing 
shown in FIG. 19, with respect to a transmission request 
whose margin time Tds(j) is a negative value, the control 
microprocessor 24 may determine that data transmission 
cannot be performed at the request timing T0(j), cancel the 
transmission request, and inform the transmission request 
source of the determination result. 

When a source transmission apparatus is to transmit a data 
frame, the transmission completion timing T2(j) may be 
included in the data frame together with the request timing 
T0(j). Upon reception and verification of the data frame, a 
destination transmission apparatus may obtain the transfer 
time Txf(j) by detecting the difference between the trans- 
mission completion timing T2(j) and the reception verifica- 
tion timing T3(j). In addition, reception processing is per- 
formed by the destination transmission apparatus to 
calculate the reception processing time Tr(j). The transfer 
time Txf(j) and the reception processing time Tr(j) may be 
transmitted to the source transmission apparatus to update 
the transmission/reception processing table of the source 
transmission apparatus. 

Transmission processing times Tx, reception processing 
times Tr, and transfer times Txf taken to transfer data to 
predetermined transmission apparatuses may be held in all 
the transmission apparatuses according to the transmission 
apparatus addresses as indexes. When a given transmission 
apparatus receives a transmission request, the apparatus 
reads out these time values according to the source trans- 
mission apparatus address as an index. The destination 
transmission apparatus obtains the sum of the transmission 
processing time of the destination station, the reception 
processing time of the source transmission apparatus, and 
the transfer time required to transfer data to the source 
transmission apparatus. In this manner, a transmission 
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request from a given transmission apparatus is processed by 
a destination transmission apparatus to calculate a predictive 
total processing time Ta. The difference between the pre- 
dictive total processing time Ta and the request timing TO 
may be obtained as a margin time Tds, and priority process- 5 
ing may be performed by determining an urgency on the 
basis of this margin time Tds. 

A destination transmission apparatus may calculate the 
reception verification timing T3 and the sum of the reception 
timing time Tr, the transmission processing time Tx, the 10 
transfer time Txf required to transfer data to a source 
transmission apparatus, and the reception processing time Tr 
of the destination transmission apparatus, which time data 
are held in the destination station. The apparatus then 
calculates the difference between the request timing TO read 15 
out from the data frame to obtain the margin time Tds. The 
urgency may be determined on the basis of this margin time 
Tds to perform reception processing according to the prior- 
ity. 

A data transmission method and apparatus according to 20 
the second embodiment of the present invention will be 
described next. In this embodiment, the priority sequence 
data of data transmission of each transmission apparatus is 
supplied to other transmission apparatuses, and the urgency 
of each data transmission is determined in the overall 2 5 
system. Thus, the transmission right is assigned to one of the 
transmission apparatuses on the basis of the urgencies deter- 
mined in the overall system. 

The second embodiment is applied to the same system as 
that shown in FIG. 7 to which the first embodiment is 30 
applied. The arrangement of each of the transmission appa- 
ratuses constituting the system is the same as that of the one 
shown in FIG. 8, but their operations are different from each 
other. 

This system has an MAC function corresponding to the 35 
media access control scheme defined by the ISO 88024 (or 
IEEE 802.4) standard or the ISO 9314 (ANSI X3T9.5) 
standard. That is, each transmission apparatus which 
receives a token frame indicating assignment of the trans- 
mission right has modes Ml and M2. 40 

In the mode Ml, upon reception of the token frame, each 
apparatus can always transmit a required number of data 
frames. 

In the mode M2, the time taken for one rotation of the 45 
token frame is measured by a timer of each transmission 
apparatus which is designed to measure a token frame 
rotation time. If the measured value is smaller than a preset 
time value, the number of data frames corresponding to the 
difference between the time values (a target token rotation 5Q 
timer residual value TRT1) can be transmitted. If the token 
rotation time value is larger than the preset value, transmis- 
sion of a data frame is postponed. 

In order to allow a control microprocessor 24 to perform 
priority transmission right assignment processing, a control 55 
data table formed in a transmission/reception control RAM 
common memory 16, a transmission/reception buffer RAM 
memory 14, or an MPU RAM memory 28 has the following 
arrangement. 

A data transmission request to each transmission appara- 60 
tus is constituted by data DTl(j) to be transmitted, shown in 
FIG. 26, and a control block CBl(j) shown in FIG. 27. The 
data DTl(j) and the control block CBl(j) are stored in the 
transmission reception buffer RAM memory 14. The control 
block CB l(j) includes information required for transmission 65 
control corresponding to the data DTl(j), e.g., a destination 
address and a control command. Note that in the control 
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block CBl(j) information required for the execution of the 
control scheme of the present invention is added to a control 
area CNTl(j) and an elapsed time information area TIMl(j), 
as needed. The transmission data DTl(j) is stored in one or 
more chained transmission buffers 14. 

The control block CBl(j) includes an identifier Al rep- 
resenting the urgency of the transmission data in the trans- 
mission apparatus. This identifier Al includes a request 
timing T0(j) at which the data DTl(j) is to be received by a 
destination application process. In this case, as the identifier 
Al representing the urgency of the data, for example, a 
timing at which transmission of the data is to be completed 
in the source transmission apparatus, or a timing at which 
the data is to be received by the destination transmission 
apparatus may be used. 

Data frame Dl(j) constituted by the control block CBl(j) 
and the transmission data DTl(j) is not limited to any 
specific arrangement. For the execution of the present inven- 
tion, however, the information portion of the data frame 
Dl(j) includes the identifier Al and elapsed time informa- 
tion indicating the elapsed time of communication process- 
ing. FIG. 28 shows an arrangement of the data frame Dl(j). 
The data frame Dl(j) is stored in the transmission buffer 14. 

FIG. 29 shows an arrangement of a transmission frame 
control block TCBl(j) including a frame control code, 
header information such as destination and source addresses, 
which are to be included in the data frame Dl(j), and 
information indicating the location of an information por- 
tion. The data included in the transmission frame control 
block TCBl(j) are required to form the data frame Dl(j). 
When a plurality of data frames Dl(j) are to be transmitted, 
the transmission chain control area of each transmission 
frame control block TCBl(j) is designed to chain the respec- 
tive transmission frame control blocks TCBl(j) correspond- 
ing to the plurality of data frames Dl(j). The transmission 
frame control blocks TCBl(j) are stored in the transmission 
reception control RAM common memory 16. 

Transmission requests Rl(j) corresponding to the data 
frames Dl(j) are ordered to be formed into a transmission 
queue SI on the basis of values T0(j) of the identifiers Al 
included in the control blocks CBl(j) and representing the 
urgencies of the data frames. FIG. 30 shows an arrangement 
of the transmission queue Rl(j). FIG. 31 shows an arrange- 
ment of the transmission queue SI. In this arrangement, the 
transmission queue SI is designed such that the transmission 
requests Rl(j) of the transmission apparatus are chained to 
each other according to their urgencies. The transmission 
requests Rl(j) and the reception queue SI are stored in the 
transmission/reception buffer RAM memory 14. 

An identifier A2 included in the transmission queue SI 
indicates the presence of an urgent transmission request of 
the transmission apparatus. FIGS. 32 and 33 show an 
arrangement of the identifier A2. FIG. 32 shows an identifier 
A2 control block CB2. FIG. 33 shows an identifier A2 
information area buffer. The identifier A2 includes at least 
the identifier Al corresponding to the transmission request 
Rl(j) having the highest urgency in the transmission queue 
SI. 

A media access request frame Fl including the identifier 
A2 is not limited to any specific arrangement. FIG. 34 shows 
an arrangement of the media access request frame Fl. The 
media access request frame Fl may have any kind of 
arrangement as long as it can be discriminated from the data 
frame Dl(j) shown in FIG. 28, the token frame, and other 
transmission control frames, and its information portion 
includes the information of the identifier A2. That is, in the 
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data frame Dl(j) shown in FIG. 28, a "frame control" code 
corresponding to the media access request frame Fl may be 
set, and the identifier A2 may be included in a "information 
portion". In the arrangement shown in FIG. 34, identifica- 
tion is performed by the "frame control" code. The media 
access request frame Fl is stored in the transmission/ 
reception buffer RAM memory 14. 

FIG, 35 shows an arrangement of a transmission control 
block TCB2. The transmission control block TCB2 indicates 
the locations of a frame control code, header information 
such as destination and source addresses, and an information 
portion, which are required to form the media access request 
frame Fl. The transmission control block TCB2 is stored in 
the transmission reception control RAM common memory 
16. 

FIG. 36 shows an arrangement of a media A2 included in 
a media access request frame transmitted from each trans- 
mission apparatus and received by each transmission appa- 
ratus. The media access request R2(j) corresponds to each of 
a plurality of media access requests included in the identi- 
fiers A2 in the media access request frames Fl. The media 
access requests R2(j) are stored in the transmission/recep- 
tion buffer RAM memory 14. 

FIG. 37 shows an arrangement of a transmission queue S2 
in which the media access requests R2(j) are ordered accord- 
ing to their urgencies determined in the overall system. In 
the transmission queue S2, the media access requests R2(j) 
from the respective transmission apparatuses are chained to 
each other. The transmission queue S2 is stored in the 
transmission/reception buffer RAM memory. 

The flow of transmission request control processing per- 
formed by the control microprocessor 24 using the above 
data tables will be described below. 

When a host unit connected to the transmission apparatus 
generates a transmission request to transmit a data frame, the 
transmission data shown in FIG. 26 and the control block 
CB1 shown in FIG. 27 are written in the transmission/ 
reception buffer RAM memory 14 through a transmission 
request interface circuit 18. In addition, a transmission 
interrupt signal SIG3 is sent to the control microprocessor 
24. Subsequently, the control microprocessor 24 starts the 
flow of processing to be performed when a transmission 
request from a host unit is received. 

In step 110, the control microprocessor 24 forms the 
transmission frame control block TCBl(j) and the transmis- 
sion request Rl(j) from the control block CBl(j) and the 
transmission data DTl(j). 

In step 120, the control microprocessor 24 compares an 
identifier Al(T0(j)) included in the control block CBl(j) 
designated by the transmission request Rl(j) with an iden- 
tifier Al(TOCk)) of a transmission request Rl(k) already 
linked to the transmission queue SI. Thereafter, the control 
microprocessor 24 rearranges the transmission queue SI in 
an order of higher urgencies. That is, the control micropro- 
cessor 24 chains the transmission request Rl(j) to the 
transmission queue SI by using the PRE and NEXT areas of 
the transmission request Rl(j). 

In step 130, the transmission frame control block TCBl(j) 
is chained to a transmission control block TCBl(k) of the 
already linked transmission request Rl(k) in accordance 
with the order in the transmission queue SI by using the 
transmission control block chain control area. 

In step 140, the control microprocessor 24 forms the 
identifier A2 information area buffer shown in FIG. 33. The 
control microprocessor 24 chains the identifier A2 informa- 
tion area buffer to the identifier information area of the 
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already linked transmission request Rl(k) in accordance 
with the order in the transmission queue SI by using the 
transmission data buffer control area and the transmission 
data start, intermediate, and end display areas. 

When the media access request frame Fl is received, the 
control microprocessor 24 starts the flow of processing to be 
performed when the media access request frame Fl shown 
in FIG. 39 is received. 

In step 210, the control microprocessor 24 forms a trans- 
mission request indicating an urgency determined from the 
viewpoint of the overall system, i.e., the media access 
request R2(j) shown in FIG. 36, on the basis of the infor- 
mation of the identifier A2 included in the media access 
request frame Fl and source station address indicating the 
source station. 

In step 220, the control microprocessor 24 compares the 
urgency of the media access request R2(j) with that of a 
media access request R2(k) already linked to the transmis- 
sion queue S2 by using the value of the identifier A1=TN. 
Thereafter, the control microprocessor 24 rearranges the 
transmission queue S2 in an order of higher urgencies by 
using the PRE and NEXT areas. 

With respect to the transmission queue S2 to which the 
transmission request R2(k) has already been linked, the 
control microprocessor 24 starts comparison determination 
processing from the start position of the transmission queue 
S2. If information coinciding with a source transmission 
apparatus address S A is detected in the transmission request 
R2(k) already linked to the transmission queue S2, the 
control microprocessor 24 removes the transmission request 
R2(k) from the transmission queue S2. This processing is 
limited to comparison determination processing with the 
first identifier A2 included in the received media access 
request frame Fl. In addition, the control microprocessor 24 
compares the identifier A2 with a value Tk representing the 
urgency of the transmission request R2(k), and rearranges 
the link structure of transmission queue S2 such that the 
newly formed transmission request R2(j) is ordered accord- 
ing to its urgency. 

In step 230, the control microprocessor 24 compares the 
transmission queue S2, formed every time the media access 
request frame Fl is received, with the transmission queue SI 
formed in accordance with the transmission requests from 
the host unit. If the urgency of the transmission request of 
the station is higher, the control microprocessor 24 links a 
data frame Dl corresponding to the transmission request 
having a high urgency to a transmission queue TQ2 corre- 
sponding to the mode M2 of the MAC function of a 
transmission controller 12. That is, the control microproces- 
sor 24 sets the start storage address of the transmission 
control block TCB1 chain in the transmission queue TQ2. 

When the token frame is received, the control micropro- 
cessor 24 performs processing in accordance with the flow 
chart for token frame reception processing shown in FIG. 
40. 

In step 310, with respect to the data frame Dl linked to the 
transmission queue TQ2, the control microprocessor 24 
reads out the target token rotation timer residual value TRT1 
corresponding to the mode M2 of the MCA function from a 
token rotation timer residual value register 30 when it 
obtains the transmission right upon reception of the token. 
Subsequently, the control microprocessor 24 calculates the 
number of data frames D2 corresponding to the residual time 
value on the basis of the total transmission data count out of 
the total number of data frames Dl(j) to be transmitted. 

The number of data frames D2 (the total number of data 
frames to be transmitted Dl^the number of data frames D2 
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that can be sent during the residual time value) are supplied 
to the transmission path through the token passing transmis- 
sion controller 12 upon reception of the token. 

In step 320, the control microprocessor 24 removes the 
transmission requests Rl(j) corresponding to the above- 5 
mentioned data frames Dl(j) from the transmission queue 
SI. If a transmission request is left, the control micropro- 
cessor 24 writes the storage address of the identifier A2 
information area buffer of the transmission request in the 
identifier A2 start storage pointer value of the identifier A2 10 
control block CB2. In addition, the control microprocessor 
24 sets the identifier A2 information area buffer at the start 
position of the transmission data. If no transmission request 
Rl(j) is left in the transmission queue SI upon removal of 
the transmission requests Rl(j) from the transmission queue 
SI, or if no data frame Dl(j) is linked to the transmission 
queue TQ2 at the timing of token reception, the control 
microprocessor 24 writes the address of the identifier A2 
information area corresponding to the absence of a trans- 
mission request, as the identifier A2 storage pointer value of 
the identifier A2 control block CB2, in the identifier A2 start 20 
storage pointer value of the identifier A2 control block CB2. 

With the above-described processing, the media access 
request frames Fl corresponding to the number of data 
frames D2 corresponding to the target token rotation timer 
residual value TRT1 are sent to the transmission path upon 25 
reception of the token. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention in 
its broader aspects is not limited to the specific details, 
representative devices, and illustrated examples shown and 30 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 35 

1. A method of processing data in a transmission device 
for subsequent transmission of said data to at least one 
reception device, said transmission device being operatively 
interconnected to said at least one reception device, said 
method comprising the steps of: 

generating and holding in said transmission device: 
transfer time information indicative of a time required 
to transfer said data from said transmission device to 
said at least one reception device, and 
reception timing information of said data correspond- 45 
ing to an amount of time required by said at least one 
reception device to process a data reception, 
said transfer time information and said reception timing 
information being derived on the basis of timing 
information of previous communications operations 
between said transmission device and said at least 50 
one reception device; 

arranging a group of transmission requests for a plurality 
of data in said transmission device, in response to a 
transmission request for data in said transmission 55 
device, on the basis of a difference between a request 
timing at which said data is required by said at least one 
reception device and a sum of: 

1) said reception timing information, held in said 
transmission device, 

2) said transfer timing information, held in said trans- 
mission device, and 

3) a present time, 

thereby determining a transmission sequence; 

transmitting data from said transmission device to said at 65 

least one reception device in accordance with said 

determined transmission sequence; and 
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transferring data which has been transmitted. 

2. A method according to claim 1, further comprising the 
steps of: 

causing said at least one reception device which has 
received data from said transmission device to subtract 
a timing from said request timing to obtain a timing 
difference and to arrange reception requests of said 
plurality of data in said at least one reception device on 
the basis of said timing difference, thereby determining 
a reception sequence and obtaining a determined recep- 
tion sequence; and 

transferring said data to an application process at said at 
least one reception device on said basis of said deter- 
mined reception sequence. 

3. A method as in claim 1, further comprising: 
generating and holding in said transmission device data 

transmission timing information corresponding to an 
amount of time required by said transmission device to 
process a data transmission, and 
wherein said step of arranging bases its arranging on a 
difference between the request timing at which the data 
is required by said at least one reception device and a 
sum of: 

1) said reception timing information, held in said 
transmission device, 

2) said transfer timing information, held in said trans- 
mission device, 

3) a present time, and 

4) said transmission timing information, held in said 
transmission device. 

4. A method of transmitting data from a communication 
device to at least one reception device, and of receiving data 
from at least one transmitting device at said communication 
device, each of said communication device, said at least one 
transmitting device and said at least one reception device 
being operatively interconnected and each of said commu- 
nication device, said at least one transmitting device and said 
at least one reception device being associated with at least 
one of a plurality of computers, said method comprising the 
steps of, on said communication device: 

generating, by at least one of said computers, data trans- 
mission requests for associated data and providing said 
transmission requests to said communication device, 
said associated data being needed by other of said 
computers associated with said at least one reception 
device; 

determining a transmission order in which said data 
associated with said transmission requests must be sent 
from said communication device so as to be received 
by said at least one reception device when needed by 
said other of said computers associated with said at 
least one reception device; 

arranging said transmission requests according to said 
transmission order to obtain arranged transmission 
requests; and 

transmitting data associated with said transmission 
requests, in a sending order based on said arranged 
transmission requests, from said communication device 
to said at least one reception device; 

determining a reception order in which data associated 
with reception requests received from said at least one 
transmission device must be processed by said com- 
munication device so as to be available when needed by 
said at least one of said computers associated with said 
communication device; 

arranging said reception requests according to said recep- 
tion order; 
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processing said reception requests in said reception order 
so that said at least one of said computers associated 
with said communication device receives data associ- 
ated with said reception requests from said at least one 
transmission device. 

5. A method according to claim 4, wherein each of said 
order determining steps includes the step of utilizing the 
time at which data is needed to determine said order. 

6. A method according to claim 4, wherein each of said 
order determining steps includes the step of utilizing a 
period until data is needed to determine said order. 

7. A method of transmitting data from one station in a 
plurality of stations to another station in said plurality of 
stations, said transmitting being in response to a a priority 
given to said data in said one station, said plurality of 
stations being operatively interconnected and each of said 
plurality of stations having an own communication device 
associated therewith, said method comprising the steps of: 

comparing, in an own communication device associated 
with said one station, said priority of said data in said 
one station with a priority given to data in other stations 
of said plurality of stations; and 

transmitting said data in said one station when the priority 
of said data in said one station is higher than the priority 
of said data in said other stations. 

8. A method according to claim 7, wherein said priority is 
determined based on an urgency of said data. 

9. A method of transmitting data from one communication 
device of a plurality of communication devices arranged in 
a network, each of said devices having a first transmission 
queue, said method comprising the steps of: 

causing each of said communication devices to transmit to 
said one communication device transmission requests 
associated with said first transmission queue of each of 
said communication devices, each first transmission 
queue being obtained by arranging transmission 
requests of a corresponding one of said communication 
devices in an order in which data associated with said 
transmission requests must be sent by said correspond- 
ing one of said communication devices so as to be 
received by other of said communication devices when 
needed; 

forming a second transmission queue in said one com- 
munication device by accumulating transmission 
requests associated with said first transmission queues 
transmitted from said communication devices and 
arranging said accumulated transmission requests in an 
order in which data associated with said transmission 
requests must be sent by said corresponding of said 
communication devices so as to be received by said 
other of said communication devices when needed by 
said other of said communication devices; and 

comparing a transmission request associated with data to 
be sent next in the first transmission queue of said one 
communication device with said transmission requests 
accumulated in said second transmission queue in said 
one communication device, when said one communi- 
cation device receives a token, and transmitting data 
associated with said transmission request, said data to 
be sent next according to said first transmission queue 
of said one communication device, to another commu- 
nication device when said data associated with said 
transmission request must be sent before other data 
associated with a corresponding transmission request in 
said second transmission queue, said other data to be 
sent next according to said second transmission queue. 
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10. A data transmission method for transmitting data from 
one communication device of a plurality of operatively 
interconnected communication devices, each of said com- 
munication devices being associated with at least one of a 
plurality of computers, said method comprising the steps of: 

on each of said communication devices, 

receiving, from at least one of said computers associated 
with said communication device, transmission requests 
to transmit data from said communication device to at 
least one other of said communication devices within a 
predetermined period of time, wherein each of said 
transmission requests includes transmission timing 
indicating said predetermined period of time; and 

forming a transmission queue of said transmission 
requests according to when data associated with said 
transmission requests must be sent by said communi- 
cation device so as to be received by said at least one 
other of said communication devices when needed by 
computers associated with said at least one other of said 
communication devices, thereby determining a next 
transmission request to be processed by said commu- 
nication device; and 
on said one communication device, 

comparing the transmission timing of said next transmis- 
sion request of said one communication device with 
each of the transmission timings of next transmission 
requests of each other of said plurality of communica- 
tion devices; and 

transmitting data associated with said next transmission 
request of said one communication device if it is 
determined on the basis of said comparing step that 
data associated with said next transmission request of 
said one communication device must be sent before 
data associated with each of said next transmission 
requests of said other communication devices. 

11. A method according to claim 10, further comprising 
the steps of: 

collecting reception requests received from at least one 
other of said communication devices by said one com- 
munication device in a reception queue; 

organizing said reception requests for said one commu- 
nication device in an order in which data associated 
with said reception requests must be processed so as to 
be available when needed by said at least one of said 
computers associated with said one communication 
device; and 

processing, in said one communication device, data asso- 
ciated with said reception requests in said order. 

12. A communication device operatively interconnected 
with at least one other communication device, each of said 
communication devices being associated with at least one of 
a plurality of computers, said communication device com- 
prising: 

means for determining a sending order in which data 
associated with transmission requests made of said 
communication device by at least one of said comput- 
ers associated with said communication device must be 
sent to said at least one other communication device so 
as to be received by said at least one other communi- 
cation device when needed by said at least one of said 
computers associated with said at least one other com- 
munication devices; 

means for arranging said transmission requests according 
to said sending order, and for transmitting data asso- 
ciated with said transmission requests as arranged; 
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means for determining a reception order in which data 
associated with reception requests received by said 
communication device must be processed so that said 
data is available when needed by said at least one of 
said computers associated with said communication 5 
device; and 

means for arranging said reception requests according to 
said reception order and for performing reception pro- 
cessing on said reception requests as arranged. 

13. A device according to claim 12, wherein each of said 10 
determining means utilizes an absolute time at which data is 
needed to determine said order. 

14. A device according to claim 12, wherein each of said 
determining means utilizes the time period until data is 
needed to determine said order. 

15. A device for transmitting data from one station of a 
plurality of stations to another station in said plurality of 
stations in response to a priority given to said data in said 
one station, said plurality of stations being operatively 
interconnected and each of said plurality of stations having 2Q 
an own communication device associated therewith, said 
device comprising: 

means, in an own communication device associated with 
said one station, for comparing said priority of said data 
in said one station with priorities given to data in others 2 5 
of said stations; and 

means for transmitting said data in said one station when 
the priority of said data in said one station is higher than 
the priorities of said data in each others of said stations. 

16. A device according to claim 15, wherein said priority 30 
is determined based on an urgency of said data. 

17. A device for transmitting data from one station of a 
plurality of stations to at least one other of said plurality of 
stations, said plurality of stations being operatively inter- 
connected, each of said stations being associated with at 35 
least one of a plurality of computers, said device comprising: 

transmission stack means for transmitting data from said 
one station to said at least one other of said stations and 
for receiving a plurality of transmission requests from 
at least one of said computers associated with said one 40 
station to transmit data from said one station to said at 
least one other of said stations, each of said transmis- 
sion requests including time information indicating 
when data associated with the request is needed by said 
at least one of said computers associated with said at 45 
least one other of said stations; 

means for forming a transmission queue in said transmis- 
sion stack means in an order in which data associated 
with said transmission requests must be sent by said 
one station so as to be received by said at least one other 50 
of said stations when needed by said at least one of said 
computers associated with said at least one other of said 
stations; 

means for providing each of said stations with the times 55 
associated with next transmission requests of each 
other of said stations; 

comparison means for comparing the time associated with 
a next transmission request of said one station in said 
transmission queue with times associated with the next go 
transmission requests of others of said stations; and 

means for transmitting data associated with said next 
transmission request of said one station when said 
comparison means determines that said next transmis- 
sion request of said one station must be processed 65 
before each of said next transmission requests of said 
other stations. 



18. A device according to claim 17, further comprising: 
reception stack means, having a reception queue, for 

receiving reception requests from said other stations to 

process received data; 
means for arranging said reception queue in an order in 

which data associated with said reception requests must 

be processed by said device so as to be available when 

needed by said at least one computer associated with 

said one station; and 
means for processing data associated with said reception 

requests as arranged by said arranging means. 

19. A plurality of communication devices arranged in a 
network, each of said communication devices comprising: 

timer means for measuring a present time common to said 

plurality of communication devices; 
means for obtaining: 

data transfer timing information indicative of a time 
taken to transfer data from a corresponding commu- 
nication device to others of said plurality of com- 
munication devices, and 
data reception timing information of each of said other 
communication devices, corresponding to an amount 
of time required by said other devices to process a 
data transmission received from said corresponding 
communication device, said data transfer timing 
information and said data reception timing informa- 
tion being derived on the basis of timing information 
of past communication performed by said plurality 
of communication devices; 
memory means for holding said obtained data transfer and 

data reception timing information; 
transmission processing means for arranging a plurality of 
transmission requests in a transmission sequence, the 
transmission requests being associated with respective 
data to be transmitted by said corresponding commu- 
nication device to others of said plurality of commu- 
nications devices on the basis of tirrxing differences, 
said timing differences determined by said transmission 
processing means by obtaining a sum of said reception 
processing and transfer timing information stored in 
said memory means and said present time obtained 
from said timer means and subtracting from said sum a 
request time at which data is required by said other 
communication devices; and 
transmission control means for passing a token between 
each of said communication devices and, when each 
one of said communication devices receives said token, 
for transferring specific data from said each one of said 
communication devices to others of said plurality of 
communication devices according to said transmission 
request sequence arranged by said transmission pro- 
cessing means. 

20. A plurality of communication devices according to 
claim 19, wherein each of said communication devices 
further comprises: 

means for receiving a plurality of data transmitted from 
said other communication devices, subtracting, for 
each of said data, another current time from another 
request time at which said communication device needs 
said data to obtain a difference therebetween, for deter- 
mining a sequence of reception requests received from 
others of said communication devices, said reception 
requests to be processed by arranging reception pro- 
cessing requests of said plurality of data in accordance 
with said difference for each of said data, and for 
performing reception processing according to said 
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determined reception processing sequence, each said 
reception request including timing information indica- 
tive of when data associated with said reception request 
is needed by the communication device. 

21. A plurality of communication devices arranged in a 5 
network, each of said communication devices comprising: 

means for forming a first transmission queue by arranging 
transmission requests of a corresponding one of said 
devices in an order in which data associated with said 
transmission requests must be sent by said correspond- 10 
ing device so as to be received by at least one other of 
said devices when needed by said at least one other of 
said devices; 

means for transmitting said first transmission queue to 
others of said communication devices; 15 

means for accumulating first transmission queues trans- 
mitted from said others of said communication devices, 
and for arranging said accumulated first transmission 
queues in an order in which data associated with said 
queues must be sent by said devices so as to be received 2Q 
by others of said devices when needed by said others of 
said devices, so as to form a second transmission 
queue; and 

means for comparing a next transmission request in said 
first transmission queue of said corresponding commu- 25 
nication device with other transmission requests in said 
second transmission queue in said corresponding com- 
munication device when a token is received by said 
corresponding communication device, and for transfer- 
ring data corresponding to said next transmission 
request when said next transmission request is also the 30 
transmission request to be processed next in said sec- 
ond transmission queue. 

22. A plurality of communication devices arranged in a 
network, each communication device of said communica- 
tion devices comprising: 35 

timer means for measuring and for managing a current 
time common to said plurality of communication 
devices; 

means for obtaining a data transfer timing information 
indicative of a time taken to transfer data from said 40 
communication device to others of said communication 
devices and data reception processing tiiriing informa- 
tion indicative of a time each of said others of said 
communication devices takes to process received data 
on the basis of past communication from said commu- 45 
nication device; 

memory means for holding said obtained data transfer and 
data reception timing information; 

transmission processing means for obtaining an arranged 5Q 
transmission request sequence from a plurality of trans- 
mission requests made to said communication device, 
said sequence obtained by subtracting, for each of said 
plurality of transmission requests, a sum of said data 
reception and said data transfer timing information 55 
stored in said memory means and a present time 
obtained by said timer means from a request timing at 
which data associated with each of said plurality of 
transmission requests is required by another of said 
communication devices to which said data is to be sent 
to obtain each difference, and arranging a transmission 
request sequence of a plurality of data to be transmitted 
on the basis of the differences; 

means for obtaining transmission requests from all of said 
other communication devices; 65 

means for forming a transmission queue by arranging said 
transmission requests of all of said other communica- 
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tion devices in an order in which data associated with 
said transmission requests must be sent so as to be 
received when needed; and 
means for passing a token between said communication 
devices, and, when having said token, for comparing a 
next transmission request in said arranged transmission 
request sequence of said communication device with 
said transmission queue, and, when said next transmis- 
sion request of said communication device must be sent 
before a next transmission request in said transmission 
queue, transferring data corresponding to said next 
transmission request of said communication device. 

23. A plurality of communication devices according to 
claim 22, wherein each of said communication devices 
further comprises means for receiving a plurality of data 
transmitted from said other communication devices, sub- 
tracting, for each of said data, another current time from 
another request time at which said communication device 
needs said data to obtain a difference therebetween, for 
determining a sequence of reception requests received from 
others of said communication devices, said reception 
requests to be processed by arranging reception processing 
requests of said plurality of data in accordance with said 
difference for each of said data, and for performing reception 
processing according to said determined reception process- 
ing sequence, each said reception request including timing 
information indicative of when data associated with said 
reception request is needed by the communication device. 

24. A method of transmitting data from a transmission 
device to at least one reception device, said transmission 
device and said at least one reception device being opera- 
lively interconnected and each of said transmission device 
and said at least one reception device being associated with 
at least one of a plurality of computers, said method com- 
prising the steps of, using said transmission device: 

generating by at least one of said computers data trans- 
mission requests for associated transmission data and 
providing said transmission requests to said transmis- 
sion device, said associated transmission data including 
data needed by other of said computers associated with 
said at least one reception device; 

determining an order in which said transmission requests 
must be processed by said transmission device so that 
data associated with said transmission requests will be 
available at said at least one reception device when 
needed by said other of said computers associated with 
said at least one reception device; 

rearranging said transmission requests according to said 
order determined by said determining step; and 

processing said transmission requests as rearranged in 
said rearranging step to transmit data associated with 
said transmission requests from said transmission 
device to said at least one reception device. 

25. A method according to claim 24, wherein said order 
determining step includes the step of utilizing the times at 
which data is needed to determine said order. 

26. A method according to claim 24, wherein said order 
determining step includes the step of utilizing a length of a 
time period from a present time until said data is needed to 
determine said order. 

27. A method of receiving data at a reception device from 
at least one transmission device operatively interconnected 
to said reception device, each of said at least one transmis- 
sion device and said reception device being associated with 
at least one of a plurality of computers, said method com- 
prising the steps of, using said reception device: 



5,535,214 



29 



30 



determining an order in which reception requests received 
from said at least one transmission device must be 
processed by said reception device so that data asso- 
ciated with said reception requests will be available 
when needed by at least one of said computers asso- 
ciated with said reception device; 

rearranging said reception requests according to said 
order determined by said determining step; and 

processing said reception requests as rearranged in said 
rearranging step so that said at least one of said 
computers associated with said reception device 
receives data associated with said reception requests. 

28. A method according to claim 27, wherein said order 
determining step includes said step of utilizing times at 
which data is needed to determine said order. 

29. A method according to claim 27, wherein said order 
determining step includes the step of utilizing a length of a 
time period from a present time until said data is needed to 
determine said order. 

30. A data transmission device operatively interconnected 
with at least one data reception device, each of said data 
transmission device and said at least one data reception 
device being associated with at least one of a plurality of 
computers, wherein said plurality of computers associated 
with said data transmission device make data transmission 
requests of said data transmission device, each of said data 
transmission requests having data associated therewith, said 
data transmission device comprising: 

memory means for holding data transmission information 
associated with each of said data transmission requests, 
said data transmission information including timing 
information regarding when said data associated with 
said corresponding transmission request is needed by at 
least one of said computers associated with said at least 
one data reception device; 

means, connected to said memory means, for determin- 
ing, based on said timing information, a processing 
order in which said transmission requests in said 
memory means must be processed; and 

means for arranging said data transmission requests in 
said memory means according to said processing order, 
for determining a processing sequence in which to 
process said transmission requests, based on said 
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arranged data transmission requests, and for transmit- 
ting data associated with said transmission requests. 

31. A device according to claim 30, wherein said deter- 
mining means utilizes a time at which data is needed by a 
requesting communication device to determine said process- 
ing order. 

32. A device according to claim 30, wherein said deter- 
mining means utilizes a length of a time period for a preset 
time until data is needed by a requesting communication 
device to determine said processing order. 

33. A data reception device operatively interconnected 
with at least one data transmission device, each of said data 
transmission device and said at least one data reception 
device being associated with at least one of a plurality of 
computers, said data reception device comprising: 

memory means for holding data reception information 
associated with a plurality of data reception requests 
received by said data reception device from said at least 
one transmission device, said reception information 
including timing information regarding when data 
associated with said plurality of data reception requests 
in said memory means must be processed by said data 
reception device so as to be available when needed by 
at least one of said computers associated with said data 
reception device; 

means, connected to said memory means, for determining 
a processing order of said reception requests based on 
said timing information; and 

means for arranging said data reception requests in said 
memory means according to said processing order, for 
determining a processing sequence in which to process 
said reception requests, based on said arranged data 
reception requests, and for receiving data associated 
with said reception requests. 

34. A device according to claim 33, wherein said deter- 
mining means utilizes a time at which data is needed by a 
requesting communication device to determine said process- 
ing order. 

35. A device according to claim 33, wherein said deter- 
mining means utilizes a length of a time period for a preset 
time until data is needed by a requesting communication 
device to determine said processing order. 



